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Rubner (26) long ago introduced the con- 
cept of an “active tissue mass,” and postulated 
a relationship between this mass and body heat 
production. Because of its intracellular occur- 
rence, potassium may offer a rather direct 
measure of this quantity. Potassium is usually 
the most abundant of the cations found inside 
living cells of vertebrates (20); a small quan- 
tity also occurs in extracellular fluids. Potas- 
sium participates in propagation of nerve im- 
pulses, is involved with muscular contraction, 
and is recognized as necessary for biocatalysis. 
It is excreted chiefly by the kidneys and is re- 
plenished by ingestion of food. A detailed the- 
ory explaining accumulation of potassium by 
living matter (especially in muscle cells) has 
been proposed by Conway (12). 

Although the importance of potassium in a 
number of vital processes is well established, it 
has been difficult to determine the total quan- 
tity in the body. Direct analyses are available 
for only a limited number of cases. Results of 
chemical analysis of two cadavers by Forbes 
and Lewis (17) indicate that about 60% of all 
body potassium is contained in muscle. 

The determination of body potassium by iso- 
topic dilution using K** as a tracer (13) is non- 
destructive and can be applied in vivo but is 
time consuming, and the requirement of inges- 
tion of radio-activity limits its applicability. 
This method determines exchangeable, not to- 
tal, potassium, but the evidence is that if suffi- 
cient mixing time is allowed (48 hours) the 
two quantities are very similar. 

The first direct measurements of total body 
potassium by means of its natural radioactivity 





* Based on work performed under the auspices of the U. S. Atomic 
Energy Commission and the U. S. Army Medical Corps. 
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\ 
were made by Sievert (28, 29) and by Burch | 
and Spiers (11). Sievert (29) and Sagild (27) | 
established the change in body potassium con- 
tent with age and indicated its explanation. 
These early studies used ionization chambers to 
measure the 1.46-Mev gamma rays from the | 
K*°, which occur in constant proportion in all 
normal potassium. Development of the low 
background sodium iodide crystal spectrometer 
(21, 24) reduced the time required for such | 
measurements and improved the precision of | 
body potassium determinations. } 

Measurements can be made even more rap- 
idly with a 4a liquid scintillation counter (4, 
5, 31), which can quantify total body potassium 
to a precision of 2% in less than 200 seconds 
of counting time. Using the liquid scintillation 
counter, Anderson and Langham (7) reported 
body potassium measurements in 1590 subjects 
of both sexes, ranging in age from less than | 
year to 79 years. The average concentration of | 
potassium per kilogram of gross body weight 
showed interesting correlations with age and 
sex, one of the prominent features being a 
steady decline with increasing age for adults. 
Confirmation of the general features of the | 
curve and excellent quantitative agreement for 
two additional large population groups (one 
American, one German) have been obtained 
with other liquid scintillation counters (25, 33). 

Where large enough population groups have | 
been measured to permit accurate comparisons, 
agreement among the various methods is ex- 
cellent. For example, McNeill and Green (23), 
using a Nal crystal spectrometer, have reported 
the average potassium concentration in a group 
of 30 Canadian male subjects 19 years of age to 
be 2.12 + 0.04 g. K/Kg. Los Alamos Scientific 
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Laboratory results (7), with the liquid scintilla- 
tion counter for a group of 21 American sub- 
jects 19-20 years old, are 2.15 + 0.05. Mac- 
Gillivray and associates (19), using K** dilu- 
tion, found for 32 females (Scotland) aged 25- 
49 years an average value of 1.60 + 0.04 versus 
the LASL value of 1.63 + 0.02 for 176 subjects 
of this age group. Also using K** dilution, 
Wayne and associates (32) found 1.98 + 0.08 
for 7 males (Scotland) aged 21-22 years, com- 
pared with the liquid scintillator value of 2.12 
+ 0.04 for 37 American males aged 21-23 years. 
All errors given above are estimates of the 
standard error of the mean, calculated from 
the standard deviation of individuals from the 
group mean (10-14%) and the number of sub- 
jects measured. More detailed correlations with 
K*? data are discussed later. This excellent 
agreement of the potassium concentrations for 
specific age groups in different population sam- 
ples indicates that an accurately reproducible 
parameter is being measured. 


The purpose of the present paper is to ana- 
lyze further the age dependence of potassium 
concentration and to attempt to eliminate the 
effects of variation in fat and skeletal mass 
through the use of body water determinations. 
Body water was chosen as the other parameter, 
since it shows an unusually good correlation 
(standard deviation only 2.1%) with the dehy- 
drated defatted protoplasmic mass of the body, 
M; (2). Mz is defined as the residual mass of 
the body after removal of bone mineral (m), 
fat (F), and water (W) from the gross body 
mass (M), i.e., 

M; = M —- (m+ F+W). (Eq. 1) 
For isolated tissue, this residual mass has a uni- 
form density of D; = 1.398 g. ml. (1). The 
relationship holds even for bone, when cor- 
rected for the high density of dry bone mineral 
(3). 

Independent of age and sex, the relationship 
between W and M; is a constant, 6 (1, 2): 

6 = W/(W + M;) = 0.784 + 0.0161 
(Eq. 2) 
so that under the stated conditions as to health 
and abstinence from food for 12 hours, 
M; = [(1/d) -1] W = (0.276 + 0.0057) W 
(Eq. 3) 
This relationship is used in the present paper 
to evaluate M; from body water measurements 
for purposes of comparison with total body po- 
tassium determinations. In addition, a compar- 
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ison of total body potassium with basal meta- 
bolic rate (BMR) is made. 


MATERIALS AND METHODS 


Measurements of the natural gamma radio- 
activity of the 1590 subjects reported by Ander- 
son and Langham (7) were made with a large 
liquid scintillation counter described elsewhere 
(4, 6). The counter provided essentially 100% 
geometrical efficiency (47 steradian solid angle) 
for a counti ~ well 18 inches in diameter by 
6 feet long . which the subjects were placed. 
By use of energy discrimination, only the 
gamma rays from K*® were counted. Three 
minutes of counting time per subject gave a 
statistical precision of + 3 Gm. of potassium 
(standard deviation), or about 2% for the aver- 
age adult male. The counter was calibrated 
with weighed quantities of KCl mixed with 
quantities of sucrose ranging from 80-200 
pounds and also with known quantities of K*? 
ingested by persons of various weights. The 
precision of the counting method, as judged 
by internal consistency and reproducibility, was 
essentially the same as the counting statistical 
error (i.e., about 0.08 equivalent of potassium). 
The absolute accuracy of this method is harder 
to establish but seems to be better than 5%, 
as judged by comparison with other methods. 
The population sample was predominantly New 
Mexican, but no significant geographical ef- 
fects were apparent in the primary data. Excel- 
lent quantitative agreement has since been ob- 
tained for a second U. S. population sample 
(33) and for a German population (25). The 
original sample consisted of all visitors to the 
Health Research Laboratory who volunteered 
for measurement. 


Potassium and body water by HTO dilution 
were determined on an additional 38 subjects 
(10 being women) ranging in age from 16-5] 
years. For 19 of these subjects, body water was 
independently estimated from HDO dilution 
(2). The estimated precision of the water de- 
terminations was o = 0.67 Kg. Unfortunately, 
it was not feasible to determine body water on 
the earlier group of 1590 subjects for whom 
total body potassium measurements were made. 
In using these data in the present study it is 
necessary, therefore, to make use of previously 
reported average values for body water as a 
function of age. 

Basal metabolic rates (BMR’s) were deter- 
mined in 17 healthy male subjects 22-44 years 
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Fig. 2. Variation in the ratio of total body potas- 
sium to M; as a function of age and sex. 
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Fig. 3. Total body potassium content of males and 
females as a function of age. 
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simultaneously. 
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of age within a few days of the determination 
of potassium. Three determinations were made 
of the average time required to consume | L. 
of pure oxygen while the subject was still in 
bed immediately after being wakened.* To cal- 
culate the BMR, a respiratory quotient of 0.82 
was assumed, giving a caloric equivalent of 
4.825 kcal. to 1 L. of oxygen (8). From this, 
the BMR was calculated in the units kcal. 
day". 


* These tests were performed by B. E. Welch and J. M.lacono of 
the Nutrition Laboratory in the Los Almamos Medical Center. 
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TasLe 1. AveraGeE Totat Bopy Potasstum CONTENT OF 
Maes AND FEMALES AS A FUNCTION OF AGE. 


Average Potassium 


| 
| 
Average Weizht 


Age | Subjects St O,,t S* o,,t 
(Yr.) | (No.) (Kg.) (%) (%) Equiv. (%) (%) 
Miles 
0 3 | 8.04 | 38.2 | 22.0 | 0.366 | 43.4 25.0 
3 4 | 15.06 7.0 3.5 | 0.748 6.1 3.0 
5 11 | 19.32 8.0 2.4 | 0.998 | 10.1 3.0 
6-7| 24 | 24.64] 16.3 3.3 1.282 | 15.4 3.4 
8| 85 | 27.54 | 15.7 1.7 1.505 | 11.4 1.2 
9| 59 31.92 | 18.7 | 2.4 1.703 | 13.6 1.8 
10| 54 35.33 | 21.4 2.9 1.909 | 15.5 2.1 
11} 18 | 36.51 | 15.3 3.6 | 1.929 | 10.6 2.5 
12-13 | 26 | 47.69 | 18.0 3.5 | 2.456 | 12.6 2.5 
14-15 | 27 54.95 | 23.3 4.5 3.099 9.0 1.7 
16] 16 62.64 | 18.7 4.7. | 3.786 7:3 1.2 
17 17 | 71.68 | 16.0 3.9 | 4.207 9.9 2.4 
18 10 | 69.09 | 14.7 4.6 | 4.013 | 10.1 3.2 
19-20} 21 | 79.26 | 17.9 3.9 | 4.358 | 11.3 2.5 
21-23 37 72.75 | 14.8 2.4 3.956 | 10.8 1.8 
24 | 24 76.87 | 17.7 3.6 | 4.081 | 13.2 2.7 
25-26 | 28 | 78.25 | 13.5 2.5 | 4.143 | 12.8 2.4 
27-28 | 56 76.08 | 13.8 1.8 | 4.043 | 13.2 1.8 
29-30| 77 | 73.50 | 15.3 1.7 | 3.912 | 12.7 1.4 
31-32 52 79.66 | 15.2 2.1 4.034 | 10.8 1.5 
33-34 79 77.35 | 14.2 1.6 | 3.990 | 11.2 1.3 
35-37 | 84 75.25 | 14.7 1.6 | 3.872 | 12.1 1.3 
38-39 | 43 78.51 | 10.2 1.6 | 3.905 | 10.7 1.6 
40-45 | 88 78.64 | 14.0 1.5 | 3.900 | 10.6 1.1 
46-49 34 78.33 | 12.4 2.1 3.684 ag 12 
50-57 | 46 75.15 | 14.0 2.1 | 3.575 9.8 1.4 
58-68 30 76.32 |- 12.4 2.3 | 3.445 | 10.9 2.0 
70-85 4 81.59 | 10.4 5.2 | 3.520 | 12.7 6.3 
Females 
0-1 5 8.64 | 23.0 10.3 | 0.384 | 27.0 12.1 
-< 5 15.54 | 15.7 7.0 | 0.808 | 22.3 10.0 
5- 6 12 20.19 | 13.5 3.9 | 1.047 | 14.6 4.2 
7] 28 24.25 | 17.2 3.6 | 1.255 | 11.9 2.5 
8| 30 26.58 | 17.6 | 3.2 1.509 | 13.6 2.5 
9) 40 28.19 | 16.4 2.6 | 1.587 | 13.0 2.1 
10 58 33.15 | 20.3 3.7 1.773 | 13.2 1.7 
ul 38 39.30 | 15.2 2.5 | 2.009 | 13.9 2.3 
2 15 45.70 | 19.3 5.0 | 2.208 | 15.4 4.0 
13-14} 26 52.41 | 11.8 2.3 | 2.477 | 13.4 2.6 
15 12 58.07 | 18.9 5.4 | 2.629 | 12.9 3.7 
16-17 25 56.93 | 11.0 2.2 | 2.651 9.6 1.9 
18-20) 11 57.03 | 13.6 4.1 2.525 | 18.0 5.4 
21-23 12 54.33 | 13.9 4.0 | 2.497 | 10.5 3.0 
24-27 | 32 58.15 | 15.6 2.7 | 2.527 9.9 TB 
28-32 | 42 58.17 | 13.9 2.1 2.507 | 12.3 1.9 
33-34 22 59.52 | 15.9 3.3 | 2.557 | 16.8 3.5 
35-36) 14 58.41 | 17.7 4.7 | 2.486 | 17.6 4.7 
37-39 | 24 63.75 | 18.6 3.8 | 2.576 | 13.7 2.8 
40-44 22 60.00 | 15.8 3.4 | 2.475 | 11.7 2.5 
45-49 | 20 58.77 | 13.0 2.9 | 2.238 | 14.6 3.3 
50-59 | 23 66.21 | 14.8 34 2.389 | 12.6 2.6 
60-67 18 69.29 | 16.0 3.8 | 2.261 | 12.6 3.0 
78-79 3 54.24 £7 1.6 | 1.855 | 13.8 8.0 


* Observed standard deviation from the average for the age group in %. 
t Calculated standard error of the mean, 0,, = 0/ Vn. 


RESULTS 


Table 1 summarizes body potassium mea- 
surements on 1057 male and 532 female sub- 
jects in terms of the averages by age groups for 
both sexes. Number of subjects, average gross 
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weight in kilograms, and average total potas- 
sium in equivalents are given. Shown also are 
the observed standard deviations of the indi- 
vidual values for each age group from the group 
mean and the standard error of the mean, on, 
calculated on the assumption that o,, = s/ \/n, 
where n is the number of subjects measured. 
Except for the extreme age groups, the esti- 
mated precision of the mean is from 1.5-5%. 

Table 2 summarizes data from the literature 
on body water as a function of age (2, 9, 16, 
22). The values of o,, are again estimated by 
dividing the standard deviation of each age 
group average by the square root of the num- 
ber of subjects in the group. The average body 
water values for adult males is defined rather 
precisely (2-4%), but the uncertainty in val- 
ues for children and females is much larger, 
ranging up to 8% because of the small number 
of subjects for whom data are available. In the 
present analysis, therefore, principal emphasis 
is placed on the adult male results. A plot of 
the data in table 2 as percentage body water 
versus age gives curves from which percentage 
body water at intermediate ages may be ob- 
tained by interpolation. Smoothing of the data 
by this process probably decreases somewhat the 
standard error of the mean for any given age. 

Table 3 gives the experimental data for the 
38 subjects on whom simultaneous measure- 
ments of body water and potassium were made. 





























352 ALLEN, ANDERSON, AND LANGHAM 
TasLe 2. AveraGE Tota Bopy Water (IN FracTION OF Bopy WEIGHT) AS A FUNCTION OF AGE. 
| Body Water* 
a a ee _ 7 eee saecaeta 
Age Men Children Women 
(Yr.) ——— ——. $$$ $f —___—_—___ oe eee — = 
Subjects ee | Subjects *.7 Subjects we | 
(No.) W/M (%) | (No.) W/M (%) (No.) W/M (%) 
0-1 | 8 0.626 81 | 
1-5 | 7 0.588 4.9 
5-10.. 4 0.591 6.6 
10-14. . } 6 0.576 5.3 6 0.561 5.7 
14-18 | 5 0.636 4.1 
18-22.... | 12 0.615 3.1 6 0.522 5.8 
22-30... | 48 0.585 1.9 18 0.511 2.6 
30-40. . nal 31 0.561 2.0 8 0.511 5.6 
40-50. . : 15 0.556 2.4 4 0.490 6.5 
50-60... 6 0.544 4.0 5 0.478 5.6 
60-80. ; | 3 0.541 6.7 5 0.462 5.9 
Total. . 126 19 52 
* Weighted averages from deuterium and tritium water dilution measurements reported in Refs. 2, 9, 16, 22. 
/ a 
¢ » (standard error of the mean, %) = Ty — x 100, where s = observed standard deviation of the population group from its mean, x, and n = number 
n 


of subjects. 


Figure 1 shows the average total body potas- 
sium for various age groups (based on the data 
in table 1), plotted against the average M; for 
the age group estimated by Eq. 3 from the 
measured average weight (table 1) and the 
average body water graphically interpolated 
from the data in table 2. The number of sub- 
jects per point varied from 3-5 for very young 
children (small values of M, and K) and up 
to 50-250 for the adult groups. By plotting the 
ratio of K/M; in equivalents per kilogram as 
a function of age (fig. 2), deviations from the 
straight line of fig. 1 (corresponding to K/M; 
value of 0.332) can be emphasized. 


In figure 2, the standard error of each point 
is indicated. This error is assumed to be due 
entirely to the uncertainty in the value of per- 
centage body water as a function of age, as 
tabulated in table 1. Because of the much 
larger population groups available for K*° 
counting as compared with body water mea- 
surements, this seems to be the case. While 
(for adults) the decrease of K/M; with age and 
the sex difference are unmistakable, the scatter 
in the points is such that the slope is uncertain 
by + 50%. This is particularly true for the 
female points, because of the small population 
sample for which body water data are avail- 
able. These curves may be compared with those 
showing age and sex variation in total body 
potassium given in figure 3 and with the previ- 


ously published ones showing age and sex de- 
pendence of potassium concentration expressed 
in Gm./Kg. of gross body weight (7). In the 
latter case, the results include changes in fat, 
connective tissue, and skeletal mass with age, 
while figure 3 also includes effects due to varia- 
tions in total body mass. 


The correlations shown in figure 2 are based 
on statistical treatment of population averages 
and on the assumption of the reality of certain 
correlations, specifically on the variation of 
average body water with age. One can, there- 
fore, investigate whether the relationships indi- 
cated in figure 2 also apply to individuals for 
whom simultaneous measurements of both po- 
tassium and body water were made. Figure 4 
shows the results of such a comparison. The 
curve is that deduced for males in figure 2. The 
open circles represent individual data on 72 
adult males, 10 reported by McMurrey and 
associates (22), 28 collected at the Los Alamos 
Scientific Laboratory, and 34 reported by the 
Naval Radiological Defense Laboratory (9). 
The solid circles show averages for 5 age groups 
of the 28 subjects measured at LASL, and the 
solid triangles represent similar averages for 
the 34 subjects measured at the NRDL. In 
the latter subjects, the body potassium was 
measured by K*? isotope dilution after waiting 
48 hours to ensure establishment of equilib- 
rium. 
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Shown in figure 5 is the relationship between 
total body potassium and BMR. Open circles 
are the results for the 17 male subjects actually 
tested as to metabolic rate. The correlation 
coefficient is r = 0.896, and the equation of 


TasLe 3. SIMULTANEOUS DETERMINATIONS OF Bopy 
Water, PotasstuM, AND M; 1n 38 ApuLT MALes 
AND FEMALES. 


Total Body 


Total 


Age Water Potassium M;* 
Subject (Yrs.) (Kg.) (Equiv.) (Kg.) 
Males 
WcR 22 38.08 3.80 10.52 
PN 23 50. 68 4.49 14.00 
AR 24 37.65 3.14 10.40 
DWL 25 49.99 4.7 13.81 
CEC 25 44.27 3.98 12.23 
FK 26 40.40 3.34 11.16 
HFG 26 52.02 4.99 14.37 
BEW 28 37.28 3.32 10.30 
ALF 28 37.07 3.27 10.24 
GIB 29 55.02 5.50 15.20 
WHS 30 36.42 2.94 10.06 
JMI 31 41.12 3.57 11.36 
RLS 32 40.58 3.24 11.21 
JBS 33 43.44 4.00 12.00 
KTW 33 42.72 4.09 11.80 
VER 35 38.84 3.64 10. 7% 
PSH 35 45.61 4.09 12.60 
JFS 36 32.22 2.89 8.90 
WRW 36 41.63 3.88 11.50 
ECA 36 36.38 3.26 10.05 
LJB 36 35.11 2.91 9.70 
JFM 39 49.74 4.44 13.74 
CccL 40 38.23 3.46 10.56 
CEP 40 43.80 4.17 12.10 
JEF 42 39.10 3.50 10.80 
OSJ 42 35.15 3.07 9.71 
THA 42 47.57 4.32 13.14 
WHL 44 35.62 2.98 9.84 
Females 
BR 16 23.53 1.88 6. 
GAT 27 37.43 3.07 10.34 
VJB 29 31.86 2.86 8.80 
CFB 29 32.36 2.50 8.94 
PCS 31 35.87 2.94 9.91 
JIMW 31 33.23 2.56 8.94 
BSR 34 28.60 2.36 7.90 
cwc 35 32.62 2.55 9.01 
IUB 40 29.58 2.19 8.17 
EKH 51 36.20 2.82 10.00 

* Ms = (0.276 + 0.0057) W, where W is total body water. 


TaBLeE 4. AGREEMENT BETWEEN 


Males 

Method 
(No.) d(%) 
Ke 28 +0.06 
Ke 35 —2.88 
Ke 10 +0.41 
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the least squares best fit to these data is 
BMR (kcal. day!) = 521 + 314 (K) (equiv.) 

For the remaining 1590 subjects, the basic 
metabolic rates for specific age groups were cal- 
culated from the equations of Brody (10) using 
observed sex, age, and weight as parameters. 
The points for the large group show a linear 
correlation coefficient of r 0.976 between 
BMR and K. 


DISCUSSION 

Figure | shows that a crude but direct rela- 
tionship exists between total body potassium 
of growing males and females and their fat-free 
dehydrated protoplasmic mass (M;), when the 
latter is derived from average body water in 
accordance with Eq. 3. Disparities in the rela- 
tionship seem to appear in the adult age groups 
of both sexes. Up to age 11-12, corresponding 
to an M, of about 6 Kg., there was no apparent 
significant sex difference, and K increased ap- 
proximately linearly with M;. The adult fe- 
male averages did not rise above an M; of about 
9 Kg. and a total K of 2.6 equivalents and 
seemed to fall into the shaded area to the right 
and below the line extrapolated from the chil- 
dren’s points. Male averages continued to rise 
to a maximum M, of 13.8 Kg. and K of 4.4 
equivalents at age 20. The average point for 
13-year-old males corresponds approximately 
to the average for adult females. Adult male 
points scatter away from the line into the 
shaded area in a manner similar to that shown 
by the adult female averages. 

The deviations from the approximately linear 
relationship indicated by figure | are empha- 
sized in figure 2, which shows the variation in 
K/M, with age. Although the scatter in points 
is such that the slopes of the lines representing 
the relationships between K/M, and age are 
uncertain by +50%, sex and age differences 
are unmistakable and the change in body po- 
tassium concentration with age persists even 
after correction for mass of fat and bone min- 


M; Derived FROM ToraL Potasstum (CorRECTED FOR AGE AND SEX) AND M, 
DERIVED FROM 6 AND TotaL Bopy WaArTER. 








Females 
- — Reference 
Cam) (No.) a(%) Cam) 
5.58 10 —2.82 4.97 Present 
4.31 (9) 
4.46 10 +0.08 4.71 (16) 
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eral. The latter conclusion is supported fur- 
ther by the results in figure 4, showing indi- 
vidual values and age group averages for K/M; 
derived from body water and potassium mea- 
surements on the same individuals. These data 
were collected in three different laboratories in 
which body potassium was determined by two 
different methods. Although the individual 
points scatter widely, agreement between the 
age group averages and the statistically derived 
curve is strikingly good, despite the small num- 
ber of determinations in each group. The av- 
erage ratio of K/M; values by isotope dilution 
and by whole body counting is 0.967. The 3% 
discrepancy may be due to a consistent calibra- 
tion error or may represent the fraction of non- 
exchangeable potassium, or both. 

The age effect for both sexes seems to be due 
more to a slight loss of body potassium as noted 
by Sievert (29) and Sagild (27) than to an 
increase in M;. The rate of change of body 
potassium of adult males with age is reduced 
from 0.42%/year, when total potassium is con- 
sidered (fig. 3), to 0.25%/year, when potas- 
sium is related to M;. The scatter of individual 
points about the averaged curve is reduced 
from o = 12% too = 5%. The standard de- 
viation of the individual potassium values about 
the average for their age group corresponds to 
an age effect of 30 years in the former case and 
20 years in the latter. The use of combined 
potassium and body water determinations, 
therefore, does not enhance the precision of the 
correlation sufficiently to make it a practical 
empirical method of estimating physiologic age 
of individuals. As a possible method of quanti- 
fying the aging process in population groups, 
the method seems to be worthy of further study. 
The determination of potassium alone by whole 
body counting of a group of 36 subjects would 
define the mean potassium content of the group 
to +2%, corresponding to a 5-year uncertainty 
in age. 

Further experimentation is necessary to es- 
tablish the physiologic basis for the change in 
K/M; with age. Any change in body composi- 
tion affecting the relative amounts of potassium 
and water would be effective. Since potassium 
is predominantly intracellular, it may be taken 
as indicative of the amount of living cellular ma- 
terial; whereas M, (as derived from body 
water) is proportional to the total dry fat-free 
mass of the organism, excluding bone mineral 
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but including other inert structural material 
and connective tissue. Connective tissue and 
other structural material may show a normal 
degree of hydration, but contain little or no po- 
tassium; in which case, its slow accumulation 
among the cells could produce the observed ef- 
fect. A somewhat similar concept has been for- 
mulated by Sobel and associates (30) as the 
basis of their proposed hexosamine-collagen 
method of determining biochemical age. 

An alternative possibility is that the changes 
seen in K/M; with age might be simply the re- 
sult of changes in the ratio of the muscle mass 
to the mass of the other soft tissue. According 
to the data of Forbes and Lewis (17) on the 
potassium, water, and fat contents of the com- 
ponents of two dissected cadavers, the K/M; 
value for muscle is 0.331 equivalent/Kg., while 
the average value for all other soft tissue is 
0.237. (Note that M; here is determined experi- 
mentally and not calculated from water con- 
tent.) Assuming that K/M,; is invariant with 
age and that these values are typical, one can 
calculate the average K/M; for the body as a 
function of fractional muscle mass. If the frac- 
tion of body M; contained in muscle is x and 
the fraction in soft tissue is (l-x), then using 
the above values of K/M; for these two com- 
ponents, one finds for the entire body: 

K/M; = 0.094x + 0..237 (Eq. 4) 
This equation gives K/M; values which are 6% 
low compared with the value from figure 2 for 
age 53, the average age of Forbes and Lewis’ 
subjects. Assuming this to be due to a consis- 
tent calibration difference or to a deviation of 
these subjects from the normal population 
curve, Eq. 4 can be normalized to 

K/M; = 0.100x + 0.252 (Eq.5) 

On the basis of Eq. 5, one can calculate the 
changes in body composition necessary to ac- 
count for the adult age variation of K/M, with 
age (fig. 2) on the assumption that the entire 
effect is due solely to a change in the ratio of 
the M; mass in muscle to the M, mass in other 
soft tissues. The result is that the fraction of 
M; represented by muscle would change from 
84% at age 20 to 36% at age 80. The former 
fraction seems rather high, and the situation 
is even worse when individual males lying at 
20 (= 10%) above the average are considered. 
Muscle fraction now calculates to be 1.18 with 
no allowance at all for other soft tissue. Such 
individuals exceeding the calculated upper limit 
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BODY POTASSIUM, BODY COMPOSITION AND AGE 


of K/M, = 0.352 have been observed. A simi- 
lar difficulty is encountered with the extrapola- 
tion to 80-year-old females lying 20 below the 
average; here soft tissue calculates to 1.02 with 
zero muscle. 

While the quantitative aspects of the above 
argument must not be taken too literally, the 
indication is that there is not sufficient differ- 
ence in the average K/M, of muscle and soft 
tissue to account for the observed range of vari- 
ation of this quantity. Therefore, another com- 
ponent with a much lower K/M; must accumu- 
late, or alternatively the value of K/M, for in- 
dividual tissue must vary, with age. 

For estimation of gross body composition of 
individuals, total body counting gives results 
which are consistent with those obtained by K** 
dilution (9) and, if correction is made for age 
and sex according to the curves of figure 2, 
with those obtained from body water measure- 
ments. The calculation of M; from total potas- 
sium for males beyond age 15 is based on the 
upper line in figure 2, the equation for which is 

M, = K/(0.354 — 8.2 x 10%a) (Eq. 6) 
where M, is in Kg., K is in equivalents, and a 
is the chronological age in years. For females, 
the data are inadequate to define the curve 
precisely. As figure 3 clearly shows, the total 
potassium of women is extremely constant from 
age i8-40, so that the suggestion in figure 2 of 
eonstant potassium concentration over a simi- 
lar age range may well be real. However, the 
large uncertainties in body water and hence in 
M, make it impossible to be sure of this at pres- 
ent. The lower (dashed) line in figure 2 is, 
therefore, drawn as a simple straight line with- 
out structure pending further study. The equa- 
tion of this line is 

M, = K/(0.33 —8 x 10a) (Eq. 7) 
analogous to that for males, but with a 6% 
lower intercept and with considerably greater 
uncertainty. 

Figure 6 and table 4 compare values of M, 
derived from potassium determinations with 
those based on body water for the same indi- 
viduals. The slope of the line fitted to the K*° 
and K*? data (9) by the method of least squares 
is not significantly different (at the 5% fiducial 
limit) from unity, and the intercept is not sig- 
nificantly different from zero. The regression 
equation of the combined data is: 

M; (K) = 1.007 M; (W) — 0.21 

In addition to the constant relationship be- 

tween W and M, (Eq. 3), it has been shown 
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(2) that m/Ms,, the ratio of bone mineral to 
Ms, is also constant and equal to 0.334. Since 
F = M — (M; + W + m) 

W = 3.63 M; 
and m = 0.334 M;, 
one can write F as a function only of M;: 
F = M — 4.964 M;, 
permitting the direct estimation of body fat 
from M; as determined from body potassium. 
Establishment of these correlations permits 
the use of the simple and rapid whole body 
counting method for body composition studies 
in healthy normal subjects instead of the more 
tedious isotopic dilution methods for potassium 
or water. The study of body composition in 
physiologically abnormal or diseased states (in 
which cases the basic assumption of constancy 
of such ratios as W/M; may not hold) will 
require specific evaluation of body density, 
body water, and bone mineral in addition to 
determination of potassium. 


Measurement and interpretation of basal 
metabolic rates have had a long and somewhat 
involved scientific history (15). Our present 
interest is based on the assumption that a given 
active tissue mass might be characterized by a 
definite minimal metabolic rate, as well as by a 
definite potassium content. Data on the oxy- 
gen consumption of individual organs, as sum- 
marized by Drabkin (14), show that 4 organs 
(brain, heart, kidneys, and liver), which con- 
tain only about 8% of body potassium, are re- 
sponsible for 70% of the BMR, whereas muscle 
with 60% body potassium contributes only 
13-16% of the BMR. However, these crucial 
organs are functioning at a level determined by 
the requirements of the entire organism, and 
their metabolic level may be proportional to 
total cellular mass. [Krebs (18) has suggested 
that muscle metabolism may be the determin- 
ing factor in the relationship between BMR 
and total body size for different animals. ] 


Our results indeed indicate a strong correla- 
tion between BMR and total body potassium 
(fig. 5), each equivalent of potassium being as- 
sociated with a heat output of 314 kcal./day. 
This ratio seems to apply to both male and 
female adults and perhaps even to children, 
although greater experimental uncertainty in 
both quantities makes the latter conclusion less 
certain. It is less easy to understand the addi- 
tional 521 kcal./day, which is apparently pro- 
duced independent of body size and age. Fur- 
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ther study of the detailed structure of the data 
is indicated. 
SUMMARY 

Total body potassium, measured by gamma 
ray counting of the naturally occurring K*° iso- 
tope, provides a rapid and effective means of 
studying gross body composition. Total body 
potassium content is proportional to the body 
mass minus bone mineral, fat, and water (M;) 
derived from the body water (W) according 
to the expression M; = (0.276 + 0.0057) W. 
During growth, both body potassium and M, 
increase linearly with age. In adulthood, M, 
and potassium appear to depend on both age 
and sex. The ratio of K/M; decreases with in- 
creasing age and is lower for females than for 
males. The physiological significance of de- 
creasing K/M, with age is not apparent. It 
may indicate a basic change in cellular metab- 
olism or a net loss in muscle mass with replace- 
ment by connective tissue having approximately 
the same degree of hydration. When corrected 
for age and sex, the correlation between M, 
derived from body potassium and body water 
is quite good, when body potassium is deter- 
mined by either K*® counting or K** dilution, 
and body potassium measurements provide a 
simple and rapid method of estimating body 
composition. 

An interesting correlation is observed between 
total body potassium and basal metabolic rate, 
but further study is required to explain the 
detailed structure of this relationship. 


REFERENCES 


1. Allen, T. H., Krzywicki, H. J., and Roberts, J. E.: 
Density, Fat, Water and Solids in Freshly Isolated 
Tissues. ]. Appl. Physiol., 14: 1005-1008, 1959. 

2. Allen, T. H., Welch, B. E., Trujillo, T. T., and 
Roberts, J. E.: Fat, Water and Tissue Solids of the 
Whole Body Less Its Bone Mineral J. Appl. Physiol., 
14: 1009-1012, 1959. 

3. Allen, T. H., and Krzywicki, H. J.: Human Biology 
(to be published). 

4. Anderson, E. C.: In vivo Gamma Measurements at 
Very Low Levels with 4x Liquid Scintillation De- 
tectors. I.R.E. Trans. Nucl. Sci., NS-3: 96-102, 1956. 

. Anderson, E. C., Hayes, F. N., and Hiebert, R. D.: 
Geneva Preview—Walk-in Human Counter. Nu- 
cleonics, 16: 106, 1958. 

6. Anderson, E. C., and Van Dilla, M. A.: Low-level 
Gamma-ray Detection in Humans. [.R.E. Trans. 
Nucl. Sci., NS-5: 194-198, 1958. 

7. Anderson, E. C., and Langham, W. H.: Average 
Potassium Concentration of the Human Body as a 
Function of Age. Science, 130: 713-714, 1959. 


wo 


8. 


20. 


oh. 


22. 


23: 


24. 


Bard, P.: Medical Physiology, p. 581. C. V. Mosby 
Company, St. Louis, 1956. 


. Boling, E. A., Taylor, W. L., Entenman, C., and 


Behnke, A. R.: Total Exchangeable Potassium and 
Chloride and Total Body Water in Healthy Men 
of Varying Water and Fat Content. U. S. Naval 
Radiological Defense Laberatory Report, USNRDL- 
TR-313, March 23, 1959. 


. Brody, S.: Bioenergetics and Growth, pp. 424-426; 


eqs. 1-5 in figs. 14.15, 14.16a, and 14.16b. Reinhold 
Publishing Corp., New York, N. Y., 1945. 


. Burch, P. R. J., and Spiers, F. W.: Measurement of 


the Gamma-radiation from the Human Body. Na- 
ture, 172: 519-521, 1953. 


. Conway, E. J.: Nature and Significance of Concen- 


tration Relations of Potassium and Sodium Ions in 
Skeletal Muscle. Physiol. Rev., 37: 84-132, 1957. 


. Corsa, L., Olney, J. M., Steenburg, R. W., Ball, M. 


R., and Moore, F. D.: The Measurement of Ex- 
changeable Potassium in Man by Isotope Dilution. 
]. Clin. Invest., 29: 1280-1295, 1950. 


. Drabkin, D. L.: Chromoprotein-Body Mass Rela- 


tionship. J. Biol. Chem., 182: 317-333, table V, 1950. 


. Dubois, E. F.: Basal Metabolism in Health and Dis- 


ease. Lea and Febiger, Philadelphia, Pa., 1936. 


. Edelman, I. S., Haley, H. B., Schloerb, P. R., Shel- 


don, D. B., Friis-Hansen, B. J., Stoll, G., and Moore, 
F. D.: Further Observations on Total Body Water. 
I. Normal Values throughout the Life Span. Surg., 
Gyn. Obstet., 95: 1-12, 1952. 


. Forbes, G. B., and Lewis, A. M.: Total Sodium, 


Potassium and Chloride in Man. J]. Clin. Invest., 
35: 596-600, 1956. 


. Krebs, H. A.: Body Size and Tissue Respiration. 


Biochim. et Biophys. Acta, 4: 249-269, 1950. 


. MacGillivray, I, Buchanan, T. J., and Billewics, 


W. Z.: Values of Total Exchangeable Sodium and 
Potassium in Normal Females Based on Weight, 
Height, and Age. Clin. Sci., 19: 17-25, 1960. 


Manery, J. F.: Water and Electrolyte Metabolism. 
Physiol. Rev., 34: 334-417, 1954. 


Marinelli, L. D.: The Use of NaI-T1 Crystal Spec- 
trometers in the Study of Gamma-ray Activity in 
vivo: A Suramary of Developments at the Argonne 
National Laboratory. Brit. J. Radiol., Suppl. 7: 38- 
43, 1957. 


McMurrey, J. D., Boling, E. A., Davis, J. M., Parker, 
H. V., Magnus, I. C., Ball, M. R., and Moore, F. D.: 
Body Composition: Simultaneous Determination of 
Several Aspects by the Dilution Principle. Metabo- 
lism, 7: 651-667, 1958. 


McNeill, K. G., and Green, R. M.: Measurements 
with a Whole Body Counter. Can. J. Phys., 37: 
683-689, 1959. 


Miller, C. E., May, H. A., and Marinelli, L. D.: Use 
of Low Level Scintillation Spectroscopy in the 
Evaluation of Radioactive Contamination of the 
Human Body. Argonne National Laboratory Report, 
AECU-4156, 1958. Available from the Office of 
Technical Services, U. S. Dept. of Commerce, 
Washington 25, D. C. 





26. 


27. 


29. 


Mosby 


C., and 
mm and 
1y Men 
- Naval 
NRDL- 


124-426; 
einhold 


nent of 
y. Na- 


oncen- 
Ions in 
1957. 

sall, M. 
of Ex- 


ilution. 


s Rela- 
J, 1950. 
nd Dis- 
36. 


.. Shel- 
Moore, 
Water. 

Surg., 


sodium, 
Invest., 


iration. 


llewics, 
m and 


Neight, 
bolism. 


1 Spec- 
vity in 
rgonne 
7: 38- 


Parker, 
= DB: 
tion of 
letabo- 


ements 
a. Ses 


).: Use 
in the 
of the 
Report, 
fice of 


merce, 





27. 


2. 


BODY POTASSIUM, BODY 


. Onstead, C. O., Oberhausen, E., and Keary, F. V.: 


Potassium and Cesium-137 Measurements of Ger- 
man Residents (to be published). 


. Rubner, M.: Die Gesetze des Energieverbrauchs bei 


der Erndhrung. Deuticke, Leipzig and Vienna, 1902. 


Sagild, U.: Total Exchangeable Potassium in Nor- 
mal Subjects with Special Reference to Changes 
with Age. Scand. J. Clin. Lab. Invest., 8: 44-50, 
1956. 


. Sievert, R. M.: Measurements of Gamma Radiation 


from the Human Body. Arkiv. Fys., 3: 337-346, 
1951. 
Sievert, R. M.: Untersuchungen iiber die Gamma- 


strahlung des menschlichen K6rpers. Strahlen- 
therapie, 99: 185-195, 1956. 


COMPOSITION AND AGE 


30. 


31. 


Se. 


33. 


357 


Sobel, H., Gabay, E. T., Wright, E. T., Lichtenstein, 
I., and Nelson, N.: Influence of Age upon Hexosa- 
mine-Collagen Ratio of Dermal Biopsies from Man. 
]. Gerontol., 13: 128-131, 1958. 


Van Dilla, M. A., and Anderson, E. C.: Personnel 
Monitoring with Large Liquid Scintillation Counters. 
Armed Forces Med. J., 11: 526-534, 1960. 


Wayne, E. J., Bluhm, M. M., and Crooks, J.: 
Studies of Body Composition in Normal and Patho- 
logical States Using Isotope Dilution Techniques. 
United Nations Second Conference on the Peaceful 
Uses of Atomic Energy, Geneva, Paper A/CONF. 
15/P. 279, 1958. 


Woodward, K. T.: (unpublished results, 1959). 








AN ATTEMPT TO QUANTIFY SOME CLINICAL CRITERIA OF AGING* 


ROBERT A. CONARD, M.D. 
(From the Medical Research Center, Brookhaven National Laboratory, Upton, L. I., New York) 


Among the possible late effects of ionizing 
radiation exposure are shortening of life span 
and a process resembling premature aging. In 
animals these effects are evidenced by such 
changes as graying of the hair (7), appearance 
of degenerative changes in tissues and organs 
(1, 2), and deaths associated with degenerative 
diseases and malignancies (6). Although evi- 
dence for premature aging per se has not been 
observed in human beings, shortening of life 
span and increased incidence of malignancies 
have been reported in radiologists (10, 11). 
Japanese exposed to nuclear bombings have 
shown an increased incidence of leukemia (9). 
Another human population which received sig- 
nificant radiation exposure are the people of 
Rongelap Atoll in the Marshall Islands, who 
were accidentally exposed to fallout in 1954. 
In view of possible effects of radiation in pro- 
ducing premature aging, during the course of 
studies of these people it was desirable to de- 
velop a method of measurement of aging. It 
seems pertinent first to briefly summarize the 
radiation effects in the Rongelap people, since 
they were the subject of this study. 

A group of 64 Rongelap people received an 
estimated 175 r of gamma radiation in addition 
to beta burns of the skin and some internal ab- 
sorption of radionuclides. Also 18 other Ronge- 
lapese who, by virtue of being away on a near- 
by island, received only an estimated 69 r. Due 
to radioactive contamination of their home is- 
land, the people of Rongelap were moved to 
Majuro Atoll where they lived for the following 
three years. They returned to Rongelap in the 
summer of 1957 accompanied by some 100 un- 
exposed Marshallese relatives who had not been 
living on the island at the time of the accident. 
This group served as an excellent comparison 
population. Both groups have been carefully 
studied at intervals for signs of radiation effects. 
The acute damage (such as hemopoetic depres- 
sion, and skin burns) which have been described 
in previous publications (3, 4, 5) has largely 
subsided, and greater emphasis is now being 
placed on detection of late effects of radiation. 


* This work was done under the auspices of the U. S. Atomic 
Energy Commission. 
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Shortening of life span has not been apparent 
thus far. Four deaths have occurred: one in a 
46-year-old man during the second year after 
exposure from hypertensive heart disease, which 
had been present at the time of exposure; the 
second in a 76-year-old man at three years 
post-exposure of coronary heart disease compli- 
cating diabetes of long standing; the third in a 
36-year-old man 4 years after exposure with 
acute varicella; and the fourth in a 61-year-old 
female at 5 years after exposure of ovarian can- 
cer. None of these deaths seemed to be directly 
related to radiation effect, and the incidence of 
mortality is about the same as for the Marshall 
Islands as a whole. No case of leukemia or 
cancer, except the one case of cancer referred to 
above, have occurred. The incidence of degen- 
erative diseases seems to be about the same in 
the exposed as in the unexposed group. Repro- 
ductive capacity does not seem to have been 
impaired in the exposed group. A slight in- 
crease in the number of miscarriages and still- 
births seems to have taken place in the exposed 
women but, due to lack of vital statistics, this 
cannot be properly evaluated. There also was 
suggestive evidence of a slight lag in growth and 
development of exposed children during the 
first few years post-exposure, but this is being 
re-evaluated based on better age data. No 
genetic effects have been observed in the chil- 
dren born of exposed parents. 

Although there has been no outward evi- 
dence by gross observation of any accelerated 
aging effect of radiation on the exposed group, 
it was believed that it would be desirable to 
have measured criteria of possible age changes 
that might occur on normal physical examina- 
tion. Therefore the over-all objective of this 
study was to establish a series of tests to evalu- 
ate any possible radiation-induced senescence 
in the exposed group compared with the un- 
exposed population living on the same island. 
However, a study of the data to be presented 
that was collected during the past survey 
(March, 1959) 5 years after exposure showed 
no apparent differences between the exposed 
and unexposed groups. Therefore the two 
groups have been pooled with the objective of 
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presenting the methodology of approach, the 
trend of changes for the various aging criteria 
chosen, and an attempt to determine a biolog- 
ical age score for the individuals and different 
age groups. 


MATERIALS AND METHODS 

This study was hampered by the small num- 
ber of people involved and the lack of vital 
statistics on the Marshallese people. Another 
difficulty has been the uncertainty of exact ages 
in some cases, particularly in older people. 

The aging criteria to be presented were re- 
corded only in adults, that is in those 20 years 
of age and over. Data were recorded on 126 
adults, 42 in the originally exposed group and 
84 in the larger comparison population. Table 
1 shows age and sex distribution of the people 


TaBLE 1. RoNGELAP ADULT POPULATION AGE 
DistriBuTION (1959). 


Age Exposed Unexposed Total 
M F M F 
20 - 24 0 5 1 6 12 
25 - 29 2 1 12 6 21 
30 - 34 3 2 3 5 13 
35 - 39 1 4 4 4 13 
40-44 4 2 6 3 15 
45 - 49 1 0 2 3 6 
50 - 54 1 0 5 5 11 
55 - 59 2 1 3 1 7 
60 - 64 0 5 5 3 14 
65 - 69 0 0 2 3 5 
70-74 1 2 0 9 3 
75-79 0 1 0 9 1 
>80 2 1 2 0 5 


examined. The ages were reasonably well dis- 
tributed except for a smaller number of older 
people (> 60 years of age). 

The age criteria chosen were based on 
changes generally believed to be associated with 
physiological senescence and represent only a 
small number of those that might have been 
considered. They were selected, however, with 
a view toward ease of assessment during rou- 
tine physical examination under field condi- 
tions, time limitations, and language barrier. 
Therefore, unfortunately, tests of vigor and 
functional capacity were necessarily limited.* 

There were 15 tests selected, 9 of which were 
measured directly and 6 of which were esti- 
mated on a 0 through 4+ scale. There were 
5 tests involving the integument: 1) skin loose- 

* There were several tests such as pulse-blood ery! response to 


a two-step test and vital capacity that were tried out but not used 
since they proved unsatisfactory. 





Fig. 1. Calipers used for measurement of skin loose- 
ness and elasticity. 


ness, 2) skin elasticity (retraction time), 3) 
senile changes in the skin, 4) graying of the 
hair, and 5) baldness. There were four tests 
involving the special sense organs: 1) accom- 
modation, 2) visual acuity, 3) arcus senilis, and 
4) hearing. The cardiovascular system was 
tested by: 1) systolic and diastolic blood pres- 
sure recordings, 2) peripheral arteriosclerosis, 
and 3) retinal arteriosclerosis. There was one 
test of neuromuscular function. Vigor was 
measured by hand strength measurements. The 
methods used in carrying out these tests follow. 

Integument: A special skin caliper was de- 
signed for measuring skin looseness and elastic- 
ity. (See fig. 1.) The legs of the caliper can 
be opened to any desired degree to as much as 
5 cm. (on scale “A” by adjusting screw “B” in 
fig. 1). The spring tension when the caliper is 
closed on a fold of skin results in a pressure of 
about 500 Gm. The inner and outer surfaces 
of the legs of the calipers are calibrated in milli- 
meter markings (“C” in fig. 1). 

1. Skin looseness ——Preliminary investigation 
revealed that the skin fold at the junction of 
the chin and neck was the most satisfactory for 
the measuremert of skin looseness and seemed 
to be best corrdlated with age. The measure- 
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ment of skin looseness was carried out by grasp- 
ing the skin with the thumb and forefinger, 
pulling it gently outward, and applying the cal- 
iper opened to 4 cm. so that each leg was firmly 
against the skin lateral to the fingers. The cal- 
iper was then allowed to close by its own spring 
tension and the height of the fold of skin im- 
pinged was measured in millimeters on the scale 
“C” of the caliper. The elongated ends of the 
legs impinge on | cm.’ surface of skin and ex- 
ert a pressure of 500 Gm. There is little vari- 
ation in spring tension in the last 2 cm. clos- 
ing range of the caliper. The height of the fold 
represented the degree of skin looseness. The 
presence of excess fat in the skin probably made 
the readings err on the low side, but it was not 
believed this resulted in serious error. 


2. Skin retraction time——The state of elas- 
ticity of the skin was found to be best measured 
on the back of the hand. The hand and fore- 
arm were placed at rest on the table. The cali- 
per was opened to 2 cm. (as measured on the 
crossarm scale) and allowed to close on a fold 
of skin several centimeters proximal to the 
knuckles near the middle of the hand so that 
the long axis of the fold was diagonal (45°) to 
the longitudinal axis of the hand. (This was 
done to avoid natural folds of skin.) The cali- 
per was allowed to remain closed for exactly 
60 seconds, then removed and the time for the 
skin fold to retract back to the normal skin 
contour was measured in seconds. The exact 
endpoint was sometimes difficult to measure in 
older people, and if the fold had not retracted 
completely in 90 seconds, this time measure- 
ment was used. 


A reliability test of the skin looseness and 
skin retraction time was run on 20 hospital pa- 
tients of various ages. Measurements taken with 
the skin calipers were recorded by two exam- 
iners. The following mean values with their 
standard deviations were obtained: for skin 
looseness in millimeters, 20.85 + 0.71 and 
20.90 + 0.70; for skin retraction time in sec- 
onds, 58.2 + 8.13 and 58.75 + 8.18. There was 
no significant difference between the means of 
the two examiners. Prior to the test, the two 
examiners ascertained that their techniques for 
using the calipers were alike. 


3. Senile changes in the skin.—The exposed 
skin of the hands and face were observed for 
the presence of senile changes such as kera- 
toses, nevi, and pigmentation. The degree of 
such change was estimated on a 0 — 4+ scale; 


only an occasional abnormality was scored as 
1+, more abnormalities were scored ranging 
up to 4+. 

4. Graying of the hair—The degree of gray- 
ing of the hair was expressed on a 0 — 4+ 
scale as follows: 0, no graying; 1+, slight “salt 
and pepper”; 2+, moderate “salt and pepper”; 
3+, nearly complete graying; and 4+, com- 
plete graying. 

5. Baldness—The degree of baldness was ex- 
pressed on a 0 — 4+ scale as follows: 0, no 
apparent balding; 1+, slight receding of the 
hair at the temples; 2+, marked receding of the 
hair at the temples with some thinning; 3+, 
marked thinning and baldness; and 4+, bald- 
ness complete to a monk’s cap type. 


6. Special senses —(a) Eyes. 

(1) Accommodation. — Accommodation was 
measured in diopters by use of the Prince re- 
fracting rule.* The average reading of the two 
eyes was used. 

(2) Visual acuity—Visual acuity was mea- 
sured by Snellen’s test.* It was found that by 
taking the square root of the average visual acu- 
ity (denominator) of the two eyes the scale 
was more compressed and more linear. Thus 
the best vision of 20/10 was represented at 3.2 
(the square root of 10), the worst reading of 
20/200 was represented as 14.1 (the square root 
of 200), and intermediate readings similarly 
recorded. 

(3) Arcus senilis was estimated in the 0 — 
4+ scale. Only slight limbic clouding was con- 
sidered 1+ with increasing clouding to marked 
clouding as 4+. 

(b) Hearing.* — Audiometric examination 
was carried out in a tent in a quiet location. A 
rugged screening type audiometer was used.+ 
Impairment of hearing was averaged for the 
two ears as follows: the decibel loss for each of 
T frequencies (200, 500, 1000, 2000, 3000, 4000, 
7000) in each ear was averaged and a mean 
frequency loss in decibels for the two ears was 
obtained. 


Cardiovascular changes: 
1. Blood pressure. — Systolic and diastolic 
blood pressures were obtained with the stand- 


* With ard to the reliability of determinations using the Prince 
refracting rule, Snellen’s test, and hearing acuity, it should be pointed 
out that these tests were carried out under standardized conditions, 
but in view of the necessity of using an interpreter under field con- 
ditions, it was not feasible to repeat the test by more than one 
examiner. It is believed, however, that the data from these tests were 
sufficiently reproducible to be of relative value, although not so accu- 
rate perhaps as might be obtained under more desirable conditions. 

t The author is grateful to the Armed Services Medical Procurement 
Agency, Fort Totten, N. Y. for loan of the audiometer. 
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ard aeronoid cuff type sphygmomanometer. 
Two readings were obtained and the average 
of the two was used. There was no basic or 
adjusted level of physical activity such as rest- 
ing for a standard period prior to the readings. 
Pressures were taken from the left arm with the 
subject supine during the course of the phys- 
ical examination. 

2. The degrees of peripheral arteriosclerosis 
and retinal arteriosclerosis were estimated on a 
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0 — 4+ scale. Peripheral arteriosclerosis was 
estimated by palpation of peripheral arteries, 
retinal arteriosclerosis by viewing the retina 
with an opthalmoscope. 

Neuromuscular function was measured by 
having the subject depress the key of a hand 
tally type of blood cell counter as many times 
as possible in the period of one minute. The 
total number of depressions represented the 
score. 
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Figure 10. 


Hand strength was measured by a Smedly 
hand dynamometer.* The spring tension of the 
hand grip was measured in kilograms. The 
maximum squeeze strength in the dominant 
hand in three tries was recorded. 

Due to sex differences, the following criteria 
described above were evaluated separately for 
the two sexes: baldness, neuromuscular func- 
tion, and hand strength. 


* C. H. Stoelting Company, Chicago, Ill. 


Figure 13. 


In order that the estimated and measured 
data could be compared and combined, both 
types of data were converted to a percentage 
scale. The estimated values of 0, 1+, 2+, 3+, 
and 4+ were thus presented also as 0, 25, 50, 
75 and 100%, respectively. The measured data 
were similarly handled. Thus the values asso- 
ciated with least aging were chosen as 0% 
(sometimes the highest reading, as with hand 
strength; sometimes the lowest, as with hear- 
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ing loss), and conversely the values showing 
most aging were chosen as 100%. The data 
were examined on an individiual basis as well 
as on a population basis. A mean age score was 
obtained for each individual by averaging all 
the determinations in percentage for that indi- 
vidual. In studying population trends for the 
various criteria, mean points for 5-year age 
groups (in most cases) of combined exposed 
and unexposed populations were plotted and a 
best fit by eye curve drawn to show the trend 
of the data for the particular criterion. In the 
Same way the average age scores were plotted 
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for the population. By combining scores from 
individuals in each 5-year age group, it was 
believed that possible errors due to uncertainty 
of exact ages in some individuals were reduced 


RESULTS 


The results are plotted graphically in figures 
2 through 20. Individual readings are plotted 
(open circles, exposed people; closed circles, un- 
exposed people) to show the spread of the data 
and the mean values for each 5-year age group 
(squares). The trend of the various criteria 
with increasing age is represented by a best fit 
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by eye line. It can be seen that the criteria 
generally show either increasing or decreasing 
values with increasing age. Many of the 
changes, such as graying of the hair, balding, 
arteriosclerosis — peripheral and retinal, skin 
looseness, and skin retraction, do not manifest 
themselves appreciably until after ages 35 to 
40 years in the Marshallese. There is a ten- 
dency in many of the curves for criteria, such 
as blood pressure, graying of the hair, and loss 
of visual acuity and accommodation to level off, 
plateau, or even show slightly reduced values 
in the older age group. The number of people 
in the older age group is too small to make this 
observation certain. However, American statis- 
tics on blood pressure (systolic and diastolic) 
do show a plateau effect beyond about 60 years 
of age and even a slight tendency to lowering 
of blood pressures beyond this age (8). By 
65-70 years of age, arcus senilis in all Marshall- 
ese showed a 4+ change and so, of course, 
plateaued at a maximum. Some curves showed 
lower maximums than others. For example, 
baldness in women showed only 35% maxi- 
mum, and arteriosclerosis of the retina showed 
only 45% maximum. It is likely that the dif- 
ference in the maximums among the various 
criteria presented was due largely to differences 
in the degree of changes associated with the 
various criteria, but also probably due to the 
arbitrary nature of the scoring. The sex differ- 
ences in hand strength and baldness were ex- 
pected. In the neuromuscular function test 
slight muscle fatigue may have been a factor 
in causing the females to score lower, necessi- 
tating senarate treatment. 


CONARD 


DISCUSSION 


The various changes generally associated 
with physiological senescence are known to 
show wide variability among individuals of the 
same age, and this was borne out by these data. 
However, some of the criteria seemed to be 
better indices of aging than others, based on the 
degree of change and the variability of the data 
observed.* Some of the better criteria seemed 
to be accommodation of the eyes, visual acuity, 
skin retraction, arcus senilis, graying of the 
hair, and hand strength. One would expect 
that the measured criteria would be more re- 
liable than the estimated ones in view of the 
subjective element and less precise scoring of 
the latter. This seemed generally to be the 
case, although the estimated values for graying 
of the hair and arcus senilis were surprisingly 
well correlated with age. The amount of sub- 
cutaneous fat probably influenced the skin 
looseness measurements, but since loss of sub- 
cutaneous fat is somewhat age dependent, it 
probably influenced it in the right direction. In 
the future it is hoped that by statistical treat- 
ment of the data a weighting factor may be 
assigned to each criterion based on the degree 
of age-associated change and the degree of vari- 
ability of the data. Since it is not always pos- 
sible to run the complete battery of tests on 
each individual, use of such weighting factors 
on those tests run would tend to minimize dis- 
parity that might be related to the omission of 
tests that were not run. 

The data presented must be considered as 
preliminary in nature and represent only a 
small fraction of the many varied changes that 
have been incriminated in the aging process. 
However, under the conditions of examinations 
of the Marshallese the battery of tests employed 
is necessarily limited. As more experience is 
gained, some of the tests may be eliminated and 
new ones added. It is believed the tests of vigor 
are extremely important in assessing aging and 
it is hoped that more tests of this nature may 
be added. At this time the data are presented 
to introduce a type of approach which might 
offer a feasible means of assaying biological 
age. Studies of the possible effects of radiation 
on the aging phenomenon in human beings 
may be aided by this method. In the case of 
the exposed Marshallese, results of further ag- 
ing surveys will be carefully evaluated, compar- 
ing results in the exposed population with those 


* Statement is not based on statistical analysis. 
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in the unexposed comparison population for 
differences which might indicate possible pre- 
mature aging effects of radiation exposure. As 
pointed out, such differences have not been ap- 
parent thus far. 


SUMMARY 

In order to study possible premature aging 
effects of radiation in the people of Rongelap in 
the Marshall Islands, a series of measurable cri- 
teria generally associated with aging were re- 
corded during the 1959 annual medical survey 
(5 year post-exposure) on 42 people who had 
been exposed to radiation and 84 unexposed 
Marshallese. The criteria were chosen on the 
basis of ease of assessment under field condi- 
tions considering time limitation and language 
barrier. Some criteria were assessed on obser- 
vation by scoring on a 0 through 4+ and per- 
centage basis (senile skin changes, graying of 
hair, baldness, arcus senilis, peripheral arterio- 
sclerosis, retinal arteriosclerosis). The other 
criteria were measured directly and also ex- 
pressed on a percentage basis (skin looseness, 
skin elasticity, accommodation of the eyes, 
visual acuity, hearing by audiometry, blood 
pressure, neuromuscular function, and hand 
strength). A skin caliper used for measuring 
skin looseness and elasticity was described. 
Since no differences were readily apparent be- 
tween the exposed and unexposed people, the 
data were pooled and presented at this time to 
describe the methodology, trend of criteria 
changes with age, and attempt to assess biolog- 
ical age. Curves of the plotted data drawn by 
eye showed varying degrees of age-associated 
change with different criteria. The measured 
criteria were generally best correlated with age, 
particularly accommodation of the eyes, visual 
acuity, skin elasticity, and hand strength, al- 
though some of the observational criteria, such 
as arcus senilis and graying of the hair, seemed 
also to be fairly well correlated. A plot of the 
average percentage scores for individuals by age 
(biological age score) showed generally increas- 
ing scores with ages and less scatter than was 
noted with individual criteria. It is hoped that 
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this approach may prove helpful in assessing 
aging in human beings and may offer a clue to 
possible radiation-induced aging. 


The author wishes to express his gratitude to Mr. William Scott for 
his assistance in compiling the data; to Col. Austin Lowrey (MC) 
USA of Walter Reed Army Hospital, Drs. B. S. Blumberg of National 
Institutes of Health and W. H. Lewis of Memorial Hospital for their 
assistance in taking measurements on the Rongelap people. 
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OBSERVATIONS ON THE FINE STRUCTURE OF OLD AGE PIGMENT* 


DONALD DUNCAN, Ph.D., DAVID NALLf, B.A.. AND RICARDO MORALES 
(From the Department of Anatomy, The University of Texas Medical Branch, Galveston, Texas) 


Two previous electron microscope studies of 
old age pigment in neurons resulted in essen- 
tially the same appearance and two distinct 
suggestions as to origin of these bodies. Hess 
(4) was of the opinion that the pigment par- 
ticles might arise from mitochondria while Bon- 
dareff (1) thought they might be derived from 
or produced by the Golgi apparatus. The pres- 
ent work seems to bolster the opinion of Hess 
and in addition demonstrates certain ultrastruc- 
tural characteristics of the pigment bodies. 


MATERIALS AND METHODS 

The observations recorded in this paper were 
made on dorsal root ganglia taken from a mouse 
18 months of age. Ganglia from 6 other mice 
one year or more of age were also studied with- 
out adding or subtracting from the findings in 
the oldest and fortunately best fixed material. 
The mouse was decapitated and the ganglia 
were removed as rapidly as possible and placed 
in Dalton’s (2) fixative for two hours. After 
fixation the ganglia were washed briefly in dis- 
tilled water and carried from water to absolute 
alcohol by 10% stages. From absolute alcohol 
the material was transferred to a half and half 
mixture of alcohol and uncatalyzed plastic, then 
through three changes of pure plastic, and 
finally to catalyzed plastic of a syrupy consis- 
tency. The ganglia were embedded in No. 00 
gelatin capsules and placed in a 45 C. oven for 
24 hours. The plastic was a mixture of 15% 
methyl methacrylate in n-butyl methacrylate. 
Sections were cut with glass knives in a Porter- 
Blum microtome and photographed in an RCA 
EMU 3C microscope. 


RESULTS 

As shown in figures | and 2, dorsal root 
ganglion cells from aging animals contain small 
particles of high electron density. These bodies 
have the general size and distribution of mito- 
chondria and, as illustrated by the two figures, 
their numbers vary greatly from cell to cell. 
Not illustrated is the fact that similar inclusions 
occur in the satellite cells, the capillary endo- 


* Supported in part by USPHS Gran: No. B-690 (C5). 
t Fellow in the USPHS experimental training grant No. 2R-29. 
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thelium (6), and occasionally in myelinated 
axons as well as in the cell bodies of neurons. 

At higher powers the pigment bodies display 
considerable diversity in shape, size, and inter- 
nal detail. A common pattern is shown in fig- 
ure 3. In this figure each body consists of at 
least three different parts. Most conspicuous are 
very dense subparticles situated mainly but not 
exclusively at the periphery of each mass of 
pigment. As shown in the inset figure, 3A, each 
of these parts displays a series of alternate dense 
and light bands in parallel array. The lines 
may be straight or curved and run in many 
directions within any pigment body. The gen- 
eral background material of each cluster is not 
greatly different from that of mitochondria in 
which the internal membranes are thickened 
and in disarray. Mitochondria of this type are 
numerous throughout the neurons and satellite 
cells in this material. A portion of one of them 
is depicted in the insert figure, 3B. In addition 
many of the bodies contain vesicles of less den- 
sity, examples of these can be seen in figure 3 
and also in figure 7. 

Althought the densest portions of many of 
these complex bodies may appear amorphous, 
an ultrastructure of great precision appears in 
so many that it seems reasonable to consider 
that favorable fixation and sectioning would 
reveal such patterns in all of the very dense 
material. Other examples of the ultrastructure 
are illustrated by figures 4 and 6, where the 
patterns can be directly compared with a bit of 
myelin sheath, shown at the same magnifica- 
tion in figure 5. It is readily apparent from 
inspection of figures 5, 6, and 7 that the lami- 
nated portions of the pigment bodies show 
periodicities that are less than one-half that of 
myelin, and hence this material must be quite 
different in composition from myelin and pre- 
sumably in mode of formation. Since both pro- 
teinaceous materials (8) and pure lipids (7) 
are known to assume a laminated ultrastruc- 
ture of nearly equal periodicity, any interpre- 
tation of this portion of the pigment complex in 
these terms will not be attempted. Figures 7, 8, 
9, 10, and 11 illustrate many of the various 
patterns exhibited by the pigment bodies. In 
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figure 7, double limiting membranes are dis- 
cernible in many places and the interior of each 
body seems to contain strands of dense material 
which might be interpreted as thickened in- 
ternal membranes of mitochondria. In figure 8 
one body consists almost entirely of very dense 
amorphous material while the other one re- 
sembles the three nearby mitochondria. Figure 
9 displays two distinct mitochondria, two pig- 
ment bodies, and one structure that could read- 
ily be accepted as a member of either category. 
The structures shown in figures 10 and 11 are 
quite common. They have double limiting 
membranes, which are identical to those of ad- 
jacent mitochondria, a matrix of more than the 
usual density for mitochondria in the same cell, 
and numerous vesicular profiles, which are 
thought to be disorganized internal membranes 
of mitochondria. The most striking feature of 
this variant of the pigment body is attached 


masses of dense material which display an 
ultrapattern and periodicity quite different from 
the dense material illustrated in figures 3, 5, 
and 7. The dense material seen in figure 7 may 
be the same as that shown in figure 11 but sec- 
tioned in such a manner as to exclude the 
double numbered body to which it is attached. 

Fig. 12 shows three pigment masses that are 
attached to unequivocal mitochondria. While 
the pigment may be merely adherent, it blends 
with substance of the mitochondria without 
sign of intervening membranes or intervals. 
One could suggest that if these objects were the 
first mitochondria to be seen with the electron 
microscope the abnormal feature might well 
have been accepted as a characteristic of normal 
mitochondria at high magnifications. 

In none of the material studied was there 
any close relationship of pigment bodies to the 
Golgi apparatus. 





Fig. 1. Portion of a dorsal root ganglion cell showing pigment granules in minimal numbers: (M) mitochondria, 
(G) Golgi material, (P) Pigment. This and all other figures are from dorsal root ganglia of an 18-month-old 


mouse. X4,000. 


Fig. 2. A portion of a dorsal root ganglion cell containing pigment granules (P) in abundance and close io the 
maximal seen in the material studied. Note that the granules have the general size and distribution of mito- 
chondria (M) and no special relationship to Golgi material (G). X4,000. 
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Fig. 3. To illustrate a common form of pigment granule (P). X45,000. Insert A (X110,000) is an enlargement 
of the granule to the right of the insert to show the laminated character of the densest components of the 
entire granule. Insert B (X45,000) is a portion of a very large and dense mitochondrion with disordered internal 
membranes. Note similarity of appearance between the interior of this mitochrondrion and that of the pigment 


granules. 











— 


rgement 

of the 
internal 
pigment 





FINE STRUCTURE OF OLD AGE PIGMENT 





Fig. 4. An example of the ultrastructural features of 
the dense material of the pigment granules. The nar- 
rower spacing is the most common and the wider may 
be an oblique section through the more closely spaced 
lines. X150,000. 





Fig. 5. A portion of a myelin sheath from the same 
material and at the same magnification. Note that the 
periods of true myelin are somewhat more than twice 
as wide as those of the dense material in pigment 
bodies. X150,000. 


DISCUSSION 


Since the complex bodies illustrated in this 
paper have been carefully identified as the 
material seen under the light microscope as 
lipofuscin or old-age pigment both by Hess 
and by Bondareff, no attempt has been made 
in this study to further correlate the two 
methods. 

Unfortunately, electron microscope pictures 
are static and any interpretations involving 
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Fig. 6. A lattice pattern rarely seen in the present 
study. X150,000. 


transformations must be advanced as sugges- 
tions rather than as an actual record of changes. 
Nonetheless, and with such limitations in mind, 
the most reasonable conclusion, based on the 
appearances, is that the old-age pigment arises 
as a process of alteration of mitochondria. Our 
pictures give no support to any other source. 

One suspects that the varieties of form and 
the polymorphic interior of the pigment com- 
plexes have a significance in terms of chemical 
and physical properties that cannot be inter- 
preted at present. Since mitochondria are no- 
table labile structures, the well-established in- 
ertness of the old-age material should reside in 
the very dense substance which exhibits a 
highly ordered ultrastructure. There again one 
is confronted with the fact that many other 
substances organized in similar arrays such as 
myelin are exceedingly labile complexes. 

At present there is little evidence on the ex- 
tent to which the pigment bodies actually re- 
place mitochondria in an uncompensated man- 
ner. Mere inspection of the material does sug- 
gest that cells heavily laden with pigment are 
correspondingly deficient in normal mitochon- 
dria. If this be so, such cells should have dimin- 
ished powers of oxidation and in consequence 
a less active metabolism. However, there is 
much evidence against any appreciable change 
in function or metabolism resulting from pig- 
ment accumulation (5). 

The old age pigment, as seen in this study, 
is remarkably similar to mitochondrial derived 
lipid bodies that accumulate in cultures of cen- 
tral nervous tissue from young animals (3). 
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Figs. 7, 8, 9 illustrate common, occasional, and rare forms of pigment bodies. Large numbers of the type shown } 
in fig. 7 are present in the material studied, the type shown in fig. 8 is infrequent, and those depicted in fig. 9 are 
very few in number. Mitochondria are indicated by (M), pigment bodies (P), and places where double limiting 
membranes are most apparent are indicated by arrows. All figures X 45,000. 





Fig. 10 shows a pigment body (P) and two mitochondria (M). Note that the matrix of the mitochondrion at 
the bottom of the figure and that of the main portion of the pigment body are virtually identical in appearance. 
X 45,000. 


Fig. 11 depicts limiting membranes of a mitochondrion (M) and a pigment body (P) that are identical as to } 
thickness, spacing, and density, see arrows. X 90,000. 
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Fig. 12. This figure is a composite from three different plates to show direct continuation between typical mito- 
chondria (M) and pigment bodies (P). The example in the upper right hand corner could readily be interpreted 
as a chance apposition, but the other two examples are highly indicative of the mitochondrial and pigment portions 
being part of a single composite body. X45,000. 
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This material, like the pigment, is acid-fast and 
highly resistant to solvents. If further work 
establishes the suspected identity of the old age 
pigment and lipid inclusions in cultured cells, 
the tissue culture may provide another method 
of greatly accelerating one of the most certainly 
established of old age changes at the cellular 
level, namely, the accumulation of an insoluble 
pigment. 
SUMMARY 

An electron microscope study of dorsal root 
ganglia from 6 mice over one year old revealed 
numerous complicated bodies of high electron 
density that are rare or missing in neurons of 
younger animals. These bodies may be attached 
to otherwise normal appearing mitochondria, 
or they may have features characteristic of 
mitochondria, such as double limiting mem- 
branes, internal dense bodies, and internal 
membranes. Many of the pigment masses con- 
tain lumps and clusters of very high density 
and a precise ultrastructure consisting of alter- 
nate light and dark lines in parallel array, 
sometimes straight, sometimes curved, and often 
running in several directions within a single 
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body. It is suggested that this most dense ma- 
terial is the insoluble fraction of the pigment 
granule. 
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SPONTANEOUS GLOMERULOSCLEROSIS IN AGING RF MICE 


W. D. GUDE, M.S., AND A. C. LUPTON, M.D. 
(From the Biology Division, Oak Ridge National Laboratory,* Oak Ridge, Tennessee) 


Kidney lesions associated with senescence 
have been reviewed elsewhere (14). This study 
was undertaken to extend earlier observations 
on the incidence of spontaneous glomeruloscle- 
rosis in mice of the RF strain and to determine 
the earliest age at which such lesions could be 
observed histologically and their progression 
with time. 

MATERIALS AND METHOD 

Two hundred and twelve mice of the RF/Up 
strain (102 males, 110 females) were killed 
with ether at various ages from | to 20 months. 
Sections of kidney were placed in Halmi’s fix- 
ative (9 parts SUSA: 1 part saturated aqueous 
solution of picric acid) overnight and embedded 
in Tissue-Mat at 56-58 C. by means of the 


Technicon procedure. Sections 5u thick were 


| stained with Harris’s hematoxylin and eosin 


and studied for pathological changes. The fol- 
lowing system was used for scoring the degree 
of change: Specimens exhibiting no apparent 
glomerular changes on comparison with the 
4-week-old controls were classified negative 
(fig. 1); those with slight but definite hyaline 
change and thickening of the capillary wall of 
the glomerulus (fig. 2) were scored grade +; 


; indefinite changes were classified as grade +; 


grade ++ designated moderately severe hya- 
line change, in which approximately one-half 
of the glomerular tuft was affected (fig. 3); 
and more severely hyalinized glomeruli (fig. 4) 
were scored grade +++. In the latter cate- 
gory, over 75% of glomeruli showed almost 
complete hyalinization (fig. 5). To facilitate 
comparison of various grades of abnormality, a 
value of 1.0 was given to grade + lesions; 2.0 
to grade + lesions; 4.0 and 6.0 to grades + + 
and ++ + lesions, respectively. The absence 
of changes was scored as zero. 


RESULTS 
Moderate to severe glomerulosclerosis was 
usually present in animals 8 to 12 months old. 
Although inconsistently present before 6 





* Operated by Union Carbide Corporation for the U. S. Atomic 
Energy Commission. 

We wish to acknowledge the assistance of Dr. A. W. Kimball in 
Statistical analysis of the data and the technical assistance of Mr. 
Tennyson Mack and Mrs. Margaret Bradley. 


months, the lesion seemed to increase in fre- 
quency and severity with age from | to 12 
months (figs. 6, 7). After 12 months, however, 
there was no significant progression, and glom- 
eruli of males 20 months old were only mod- 
erately affected. With increase in the severity 
of glomerular abnormality, size of glomeruli also 
increased (measurements of normal and dam- 
aged glomeruli, along with further details of 
the histopathologic changes, will be reported 
elsewhere). The renal tubules showed no sig- 
nificant abnormalities except for atrophy and 
dilation associated with severe glomeruloscle- 
rosis. 
DISCUSSION 

Spontaneous nephrosclerosis has been re- 
ported in aging rats (1, 12). Spontaneous in- 
tercapillary glomerulosclerosis has also been ob- 
served in aging mice, hamsters, and rats (9). 
Although similar lesions have been noted in 
irradiated rats (2, 3) and mice (5, 7, 9, 10). 
they occur in less than 5% of nonirradiated 
control LAF, [(C57L x A)F,] mice and in 
not more than 10% of those exposed to frac- 
tionated doses of radiation (4). 

Renal lesions other than nephrosclerosis have 
also been observed in senescent animals. Spon- 
taneous glomerulonephritis and nephrosis have 
been found in aging Sprague-Dawley rats (15) 
and in female mice of the NH strain (11). 
Glomerular lesions similar to those presented 
herein were described by Gorer (8) and sub- 
sequently likened to the changes of renal amy- 
loidosis (6). Spontaneous renal amyloidosis 
was seen in strain A mice 8 to 12 months of 
age, reaching an incidence of 54% in older A 
mice (12 to 16 months) and 70% in old hybrid 
ABC mice (18 to 21 months) (6). Renal 
changes without amyloid were very rare in 
such animals. Lesher and associates (13) noted 
amyloidosis in LAF, mice receiving daily ex- 
posure doses of gamma radiation (6 to 12 r 
per day) as young as 15 months of age; non- 
irradiated mice developed the disease later, the 
peak incidence occurring at around 19 to 22 
months. The age distribution of amyloid le- 
sions in the LAF, mice simulates that of the 
glomerular changes reported herein. Thung 
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lomerulus showing thickened capiliary basement membrane (grade + lesion) H & E. 


Normal glomerulus, female RF mouse, H & E. 
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Fig. 4. Advanced hyalinization of glomerulus (grade +++ lesion) H & E. 


Fig. 3. Focal hyalinization of glomerulus (grade ++ lesion) H & E. 


Fig. 1. 


* 


ad 
‘\ 


P > 
ag Het 
4 


374 











GLOMERULOSCLEROSIS IN AGING MICE 375 











Fig. 5. Completely hyalinized glomerulus (grade 
++-+ lesion) H & E. 
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Fig. 6. Glomerulosclerosis in relation to age in female 
RF mice. (Number of animals at each point is indi- 
cated. Open circles represent the mean.) 


Fig. 7. Glomerulosclerosis in relation to age in male 
RF mice. (Number of animals at each point is indi- 
cated. Open circles represent the mean.) 
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(16, 17) has reviewed other observations on 
renal amyloidosis and related changes in aging 
mice. 

In view of the foregoing, it is noteworthy 
that formalin-fixed, frozen sections of kidney 
and other tissues from the nephrosclerotic RF 
mice of this study were negative for amyloid 
when stained with crystal violet, congo red, and 
iodine. Preliminary data suggest that the spon- 
taneous lesion reported herein resembles to 
some extent the spontaneous glomerular lesions 
reported by Guttman and Kohn (9) and the 
nephrosclerosis induced by irradiation in mice 
(4, 5, 7, 9, 10). From preliminary results, it is 
also evident that irradiation accentuates and 
hastens onset of the lesion. The pathogenesis 
of the disease and its possible relation to amy- 
loidosis remain, however, to be elucidated. 


SUMMARY 


Aging male (103) and female (109) mice of 
the RF strain show spontaneous hyaline degen- 
eration of renal glomeruli. 


Glomerular changes are first consistently de- 
tectable in mice about 6 months old and in- 
crease in frequency and severity up to the 
twelfth month of age. 


No definite relation between this lesion and 
renal amyloidosis is evident. 
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AUTORADIOGRAPHIC STUDIES OF CHANGES IN S*-SULFATE 
UPTAKE BY THE FEMORAL EPIPHYSES DURING AGING* 


EDGAR A. TONNA, Ph.D., 


AND EUGENE P. CRONKITE, M.D. 


(From the Division of Experimental Pathology, Medical Research Center, 
Brookhaven National Laboratory, Upton, New York) 


Dziewiatkowski (7, 9) and Bostrém and 
Odeblad (5) revealed the incorporation of S*°O, 
in cartilage. The S*°-labeled compound in tissue 
was isolated (4, 8) and found to be essentially 
chrondoitin sulfate. Studies of S*°O, distribution 
and localization at the femoral epiphyses of 15- 
day-old rats were made by Dziewaitkowski (7, 
9). It seemed that S*°O, uptake was highest at 
the proliferative and hypertrophic zones of the 
epiphyseal disk. Bélanger (1, 2, 3) followed the 
uptake of S*°O, in young rats and hamsters to 
8 days after administration of the isotope. Ap- 
parently, shortly after administration of the 
isotope, the radiosulfate appeared within cells 
of the epiphyseal disk. Within one to two days, 
an increasing proportion of radioactive isotope 
was seen outside of the cells, and by 6 to 18 
days the labeled sulfur was entirely extracellu- 
lar. At this time newly-formed bony spicules 
exhibited greater radioactivity than the spicules 
found at earlier periods. S*°-uptake of femoral 
epiphyses in aged animals has not been under- 
taken; however, Dziewiatkowski (10) did study 
and compare rats 10, 30, and 300 days of age. 
The S*°O, activity was highest in 10-day-old 
rats and lowest in the 300. 

In view of a recent investigation by Tonna 
and Cronkite (19) concerning the uptake of 


+ S*O, by the femoral periosteum of aging rats, 


it was important to extend such studies to the 
femoral epiphyses of old animals of at least 104 
weeks of age and to make observations prior to, 
during, and shortly after the period of maxi- 
mum rate of bone formation. It is hoped that 
these studies will broaden the understanding of 
some biochemical changes associated with the 
skeletal system which occur coincidentally with 
aging. 
MATERIAL AND METHODS 

Rats of a Sprague-Dawley strain were divided 
into 6 age groups, totaling 36 animals. Each 
group consisted of 6 animals (3 males and 3 
females). Group I consisted of 1-week-old rats, 
Group II of 5-week-old, Group III of 8-week- 


* Supported by the United States Atomic Energy Commission. 


old, Group IV of 26-week-old, and Group V 
and VI of 52-week-old and 104-week-old, re- 
spectively. 

Sterile physiological saline containing sul- 
furic acid-S*°O, was given in two subcutaneous 
injections to each animal (400 wc/100 Gm. 
body weight), 12 hours apart.* Five hours after 
the last injection the animals were killed by 
ether. Immediately after death the proximal 
and distal femoral epiphyses of both legs were 
removed and placed in a 3:1 mixture of abso- 
lute ethyl alcohol and glacial acetic acid for 
three hours, followed by an additional 24 hours 
of fixation in formol saline and washing for 24 
hours (14). Paraffin sections were prepared 
without prior decalcification. This was consid- 
ered essential for preventing alterations by the 
decalcifying medium. The tissue sections were 
coated with 1% celloidin solution prior to 
covering with British Kodak AR-10 stripping 
film, as was suggested by Messier and Leblond 
(13) to prevent possible chemographic effects. 
The autoradiographs were then placed in a 
cold, dry atmosphere (13). All the emulsions 
were exposed for 40 days. One set of sections 
was Feulgen-stained prior to covering with 
stripping film, and another set was stained with 
metanil yellow-iron hematoxylin after develop- 
ing (16). Additional sections were stained rou- 
tinely with hematoxylin and eosin. The quan- 
titation of results was based on a visual estima- 
tion of the autoradiographic density of specific 
regions under study. Comparisons were always 
made with the results obtained from sections of 
Group I animals. 

RESULTS 

The proximal and distal epiphyses exhibited 
5 recognizable zones in the autoradiographs, 
namely: 1) Zone of resting cartilage, 2) Zone 
of young proliferating cartilage, 3) Zone of 
mature cartilage, 4) Zone of calcifying cartilage, 
and 5) Developing trabeculae of the metaphysis 
(fig. 1). The localization of S*°O, in these 
zones was essentially similar at all ages. How- 





"* Obtained from Oak Ridge National de Oak Ridge, 


Tennessee, as carrier-free H2S*O,4 in 0.2 I 
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Fig. 1. 


TONNA AND CRONKITE 


A S*O,-autoradiograph of the distal femoral epiphysis of a 5-week-old rat. The 











epiphyseal plate reveals the five recognized zones described in the text (indicated by arrows). 


X 250. 


ever, the level of radioactivity varied from zone 
to zone and from one age to another (table 1). 

The S*°O, uptake was small at the zone of 
resting cells but large at the zones of young 
proliferating and hypertrophic mature cells. 
Since observations were made 17 hours after 
administration of the isotope, the intralacunar 
regions revealed the bulk of radioactivity. This 
is clearly shown in figure 1. Essentially less 
S*°O, uptake was found in the zones of calcify- 
ing cartilage cells and the developing trabeculae 


TABLE I, 


—— 


of the metaphysis. The S*°O, uptake and dis- 
tribution of isotope at the secondary centers of 
ossification were similar to those described for 
the epiphyseal disk. Autoradiographs showed 
that the S*°O, uptake became increased from |} 
week to 5 weeks of age. The high uptake of 
radiosulfur by the epiphyseal disk is shown in| 
figure 2A. At this age, bone formation in the 
rat takes place at a miximum rate. The uptake 
seen at 5 weeks of age was maintained and} 
observed at 8 weeks of age. By 26 weeks the 


The *°SO, distribution and activity in the various zones of } 


the distal epiphysis of the femur of rats at different ages. 


Age (Weeks) 1 


Zone of resting cartilage 


Zone of proliferation and hypertrophy 


Zone of calcification 


Zone of trabecular formation 


Zone of resting cartilage 


Zone of proliferation and hypertrophy 


Zone of calcification 


Zone of trabecular formation ++ 





i ete + 
The activity is indicated by - to +++++ and represents the extent of grain reduction in autoradiographs. 
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Fig. 2. A comparison petween S“O,-autoradiographs of the distal femoral epiphyseal plate 
of (A) a 5-week-old rat, and (B) a 26-week-old rat. Arrows indicate similar zones. X 150. 
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TONNA AND CRONKITE 


Fig 3. A comparison between S*”O,-autoradiographs of the articulating surface of the distal 
femoral epiphysis of (A) a l-week-old rat, and (B) a 104-week-old rat. Arrows indicate 
similar zones. X 250 and X 150. 
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S**-SULFATE UPTAKE AND EPIPHYSEAL AGING 


S*°O, uptake was considerably diminished (fig. 
2B). Animals one year of age exhibited a S*°O, 
uptake which was comparable to the one-half- 
year-old rats. At 2 years of age, however, the 
S*°-labeling was lower than at any previous age 
examined. The decreased S** uptake was ob- 
served in all epiphyseal zones. 

Some familiar histological changes were ob- 
served accompanying aging of the epiphysis, 
which also reflected changes in S*°O, distribu- 
tion and activity. In the ephiphyseal disk of 
older animals fewer cells were seen than were 
usually encountered at about 5 and 8 weeks of 
age. The cascade of cells making up the pro- 
liferative and hypertrophic zones of the epi- 
physeal disk of old rats did not show the homo- 
genous distribution of radiosulfur seen in 
younger animals (compare fig. 2A with 2B). 
S*°O, uptake seemed to be highest at the regions 
about the periphery of the disk in areas close 
to the junction of the periosteum and _peri- 
chondrium (fig. 2B). The proliferative and 
hypertropic cells at the central aspects of the 
epiphyseal disk of older animals exhibited the 
largest S*°O, uptake; however, they revealed a 
patchy distribution of radioisotope. The uptake 
varied considerably from one adjacent cell to 
another. 

The cortex of the articulating surface also 
exhibited an abundant but somewhat lower up- 
take of S*°O, than the epiphyseal disk. Histo- 
logically the cartilage cells were disposed in 
well-defined zones similar to those which made 
up the epiphyseal disk. The cascade arrange- 
ment of cells of the proliferative and hyper- 
trophic zones of the epiphyseal disk was not 
seen. Changes in the S*°O, uptake and distri- 
bution were the same as those described for the 
epiphyseal disk (see fig. 3A and 3B). No sig- 
nificant differences were noted between males 
and females. 


DISCUSSION 


Radioactive sulfate became predominantly 
incorporated at the proliferating and hyper- 
trophic zones of the epiphyseal disks and to a 
lesser degree at comparable zones found below 
the articulating surface of the epiphyses. This 
distribution is essentially similar to that found 
by Dziewiatkowski (10). All the cellular zones 
recognized in young rats were found in older 
animals. The width of the zones varied, usually 
becoming thicker at 5 and 8 weeks of age and 
thinner with increasing age. This histological 
change is a consequence of the diminishing pro- 


381 


liferative potential of disk cells in older animals 
observed during present studies employing tri- 
tiated thymidine (18). 

Logan (12) pointed out that calcification of 
cartilage was accomplished by a loss of organic 
sulfate. A reduction in sulfated mucopolysac- 
charides of cartilage was also shown by Sylvén 
(17) during mineralization. Siffert (15) and 
Godard (11) are of the opinion that sulfated 
mucopolysaccharides of the cartilage matrix are 
utilized during bone matrix synthesis. The in- 
creased S*°O, activity exhibited at the proliferat- 
ing and hypertrophic zones of the epiphysis, at 
a time coincidental with the period of maximum 
rate of femoral growth in the rat, is believed 
to represent a necessary accumulation of radio- 
sulfate, which will be available for utilization 
during bone matrix formation. In older ani- 
mals this utilization was clearly demonstrated. 
Regions at the periphery of the epiphyseal disk 
continued to incorporate large amounts of 
radiosulfur, whereas the central aspects of the 
disk, where bone growth and matrix production 
were less, exhibited a much lower S*°O, uptake. 
This pertinent relationship was recognized by 
other investigators (1, 6, 7, 10). 

Our results also showed that S*°O, and pre- 
sumably chondroitin sulfate were significantly 
less in zones of calcifying cartilage than in zones 
of proliferation and hypertrophy and that this 
situation persisted throughout the life of the 
animal. Bélanger (3) showed further that the 
intracellular accumulation of radiosulfate ap- 
peared partially extracellular two days follow- 
ing the administration of tracer in young rats 
and hamsters and strictly extracellular after 6 
days. This finding indicates that the cartilage 
cells are not only accumulating large quantities 
of labeled sulfur but also liberating large quan- 
tities at the same time, since active bone for- 
mation is continually going on in young ani- 
mals and the formation of bone matrix must be 
present before ossification takes place. The 
proliferative and hypertrophic zones of the epi- 
physes and disk appear to serve as active sites 
for the formation of large quantities of chon- 
droitin sulfate precursors or, perhaps, produc- 
tion of chrondroitin sulfate necessary for matrix 
formation. 

Apparently in young animals cartilage cells 
are utilized so rapidly during growth and re- 
modeling that the cells do not remain long 
enough at the epiphyseal disk and epiphyses to 
undergo age changes. The rate of cartilage cell 
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turnover, however, diminishes with increasing 
age. In older animals fewer epiphyseal cartilage 
cells are capable of undergoing mitosis. At the 
same time skeletal growth has slowed down 
and consequently fewer cells are being utilized 
in endochondral ossification. The cells making 
up the epiphyseal disk, therefore, remain in this 
compartment longer than those of young ani- 
mals. During this prolonged period cellular age 
changes take place and are accompanied by a 
reduction in S*° uptake. Previous studies re- 
vealed similar findings for periosteal osteo- 
blasts (19). 

The precise relation between S*°O, uptake, 
mucopolysaccharide precursor production, for- 
mation of mucopolysaccharide and matrix pro- 
duction is largely unknown. It seems that these 
parameters are intimately related to one an- 
other and are necessary for calcification. S** 
utilization may be primarily necessary for mu- 
copolysaccharide precursor formation while the 
final polymer may actually be assembled out- 
side of the cell. Accepting the fact that large 
polymers of sulfated mucopolysaccarides and 
collagen form an integral part of the structure 
of the organic matrix of bone, a reduction in 
either S*°-uptake or collagen formation during 
aging is expected to result in decreased bone 
formation. 

SUMMARY 

An autoradiographic study was made of the 
variations during aging (36 animals from | to 
104 weeks of age) in the S*°-labeled sulfate up- 
take of the cellular complement of rat femoral 
epiphyses. The radioisotope distribution re- 
mained essentially the same at all ages; how- 
ever, the uptake varied with age. Initially there 
occurred an increase in uptake during the pe- 
riod of 5 and 8 weeks of age, followed by a pro- 
gressive reduction in the total uptake with in- 
creasing age. The changes observed in the 
radiosulfate uptake of epiphyseal cartilage cells 
were coincidental with histological and cytolog- 
ical changes representative of reduced endo- 
chondral bone formation and epiphyseal aging. 
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CALCIUM, CHOLESTEROL, AND COLLAGEN LEVELS 
IN HUMAN AORTAS 


EUGENE L. KANABROCKI, B.S., I. GORDON FELS, Ph.D., AND ERVIN KAPLAN, M.D. 
(From the Radioisotope Service, Veterans Administration Hospital, Hines, Illinois) 


Numerous reports have appeared in the liter- 
ature regarding the composition of human aorta 
in health and disease. These studies at first 
concerned a single aortic component such as 
calcium (2, 4) or cholesterol (26). With time, 
similar and additional studies began to emerge 
and cover greater numbers of aortic constitu- 
ents which were explored to a greater degree 
(7-10, 14, 16-22, 27). In recent times the em- 
phasis has been on serum changes as affected 
by arterial disease (1, 6). Although this wealth 
of information sheds considerable light on the 
complexity of the chemistry of the arterial wall, 
a great deal more remains to be accomplished 
before the processes of changes in the aorta 
accompanying age and disease can be clearly 
understood. 

This study has as its purpose the examina- 
tion of a large number of human aortas for 
calcium, cholesterol, and collagen in those sec- 
tions of aorta which are not affected by ather- 
oma or fatty streaking and to relate these find- 
ings to age and sex. The incentive is derived 
from a previous study (14) wherein it was 
demonstrated that the aorta has an inherent 
ability to bind calcium. This, together with 
the close association between calcium and cho- 
lesterol in plaques and calc‘um and collagen in 
mineralization, suggested the investigation. 


MATERIAL 

Aortas from 40 female and 82 male subjects 
were examined. These individuals ranged in 
age from fetus to 80 years. The freshly col- 
lected vessels were stripped of their adventitia 
tunica and washed under cold, running, tap 
water. These were then cut longitudinally, 
placed between filter paper, and weighted down 
with lead bricks. No attempt was made to sepa- 
rate the intima from the media layer. The 
aorta strips were removed after 72 hours and 
examined macroscopically for the purpose of 
selecting only the completely plaque-free areas 





The authors wish to express their gratitude to Doctors Kornel 
Fojcik, James B. McCormick, Swedish Covenant Hospital; James Kidd, 
Children’s Memorial Hospital; Myron E. Rubnitz, VA Hospital. Hines: 
Werner F. Eisenstaedt, American Hospital; and Captain W. F. 
Pierce, Great Lakes Naval Hospital, Great Lakes, Illinois for the 
Postmortem specimens. 


and only those areas considered completely 
free of fatty streaking. The selected sections 
were then cut into small pieces, approximately 
1 x 2 mm., put into 5 dram vials, and placed 
in a desiccator for further drying. Usually one 
full week was sufficient to obtain constant 
weights and render the samples suitable for 
analysis. 

The selected aortas were from subjects with 
cause of death distribution as follows: 


Number of Subjects 
Cause of Death Female Male Total 
Coe ......................-. 1] 23 34 
Coronary heart disease ...... 9 21 30 
Congenital heart disease... 8 8 16 
Cirrhosis of the liver ........ 2 6 8 
Miscellaneous diseases* .... 7 20 27 
Accident, fire, poison ........ 3 - 7 
heist iactcditicnaliede 40 82 122 
METHODS 


The analyses for calcium, cholesterol, and 
hydroxyproline were made on the same aliquot 
sample of the dried material. The determina- 
tions were carried out in duplicate with less 
than 3% variation between replicate analyses 
of the same material. This aliquot sample 
ranged in weight from 40 to 80 mg. The ex- 
traction of fat was carried out with ethyl ether 
in a Soxhlet apparatus over a period of 28 
hours. We have found that cholesterol was 
quantitatively removed in this period of extrac- 
tion. 

The fat-free residue was then hydrolyzed 
with 6N HCl in a manner previously described 
(13), and the hydrolyzate analyzed for calcium 
and hydroxyproline. 

Cholesterol_—The ether extracts were trans- 
ferred quantitatively into 125 ml. Erlenmeyer 
flasks and allowed to dry under forced air. 
The dried residue was next extracted with chlo- 
roform and analyzed for total cholesterol using 


the method of Bloor (3). 


* Kidney disease, multiple myeloma, Hodgkin's disease, and lupus 
erythematosus disseminatus. 
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Hydroxyproline. —Two ml. aliquots of the 
clear, filtered hydrolyzate were transferred to 
a 25 ml. volumetric flask, neutralized with am- 
monium hydroxide, and diluted to volume. The 
hydroxyproline determinations were then car- 
ried out according to the method of Neuman 
and Logan (23). Conversion to collagen was 
made by the use of a 7.46 factor. 

Calcium.—Fifteen ml. of the above hydroly- 
zate were placed into a 45 ml. Vycor dish and 
evaporated to dryness, under hood, by means 
of gentle heating. The dishes were then placed 
in the muffle furnace. The temperature was 
raised slowly to 550 C. and allowed to remain 
for 24 hours. After 24 hours, the furnace was 
turned off and the samples allowed to cool 
slowly. The cooled samples were treated with 
hot, concentrated hydrochloric acid and then 
hot, diluted acid. The washings from each 
‘sample were pooled, neutralized with am- 
monium hydroxide, and analyzed for calcium 
according to the method of Wang (25). 


RESULTS 


The results of calcium, cholesterol, and col- 
lagen analysis are presented in tables 1 and 2 
and are illustrated graphically in figures 1-3. 
The data are represented so that points falling 


Tas_r 1. Composir:on OF ATHEROMA-FREE HUMAN 
Aortas IN MALes AND FEMALES. 
Grams per Kilogram of Dry Vessel 
Age Groups | Subjects 
(Years) Studied jl 
Caicium Cholesterol | Collagen 
Fetus. ... 3 1.0 | 6.3 | 312.6 
0O- 9... | 28 0.7+0.4* | 3.84 0.9* | 255.8+56.3* 
10-19... | 8 | 0.7+40.3 5.34 1.6 | 205.1417.7 
20-29 6 1.8+1.0 | 9.9+ 6.6 | 199.0+21.5 
30-39 | 10 | 3.241.3 | 11.34 3.6 185.0-+36.1 
40-49. 16 } 4,841.6 | 22.84 9.5 203.1+28.6 
50-59....... 16 4.642.3 | 17.64 2.2 219.6+42.5 
60-69....... 20 8.44+3.6 | 55.9+25.8 217.0+50.4 
7.145.6 | 46.2431.5 | 217.5446.0 





* Standard Deviaticn. 


Tasie 2. ComposiTION OF HUMAN INFERIOR VENA CAVA 
IN MALES AND FEMALES. 

















| 
Age Groups | Subjects Grams per Kilogram of Dry Vessel 
(Years) Studied | ee 
| Calcium | Cholesterol Collagen 
O-70...... 14 0.4+0.2* 7.043.4* | 368.7+59.6* 





* Standard Deviation. 
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between two decades are averaged as the higher 
decade. 

Beginning with the collagen data (table 1), 
it is evident that collagen content of the aorta 
varies but little during one’s life span. A slight, 
progressive decrease is actually encountered, 
leveling off at the fourth decade. This is true 
for both sexes, whose values are interchange- 
able. 

An examination of the calcium data, on the 
other hand, reveals a constant increase begin- 
ning at the second decade. The rate of increase 
seems greater for the male than the female. It 
is only between the sixth and seventh decade 
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Fig. 1. Figure 1 represents the log of average aorta 
concentrations of calcium, cholesterol, and collagen ver- 
sus the age of males and females. The mean values /[ 
were calculated on the basis of dry tissue weight. 
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Fig. 2. The calcium content of the aorta of different 
ages. 
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ent ages. 


that the female calcium levels catch up with 
and exceed the male values. 

The situation is almost identical in the case 
of cholesterol. The rate of accretion is more 
rapid in the male than the female, and only 
between the sixth and seventh decades do the 
female values equa! and exceed those of the 
male. The parallelism existing between the 
calcium and cholesterol data is marked. 

Examination of the vena cava in the same 
manner as the aorta reveals no differences in 
the respective components that could be 
ascribed to either age or sex. The data are 
shown in table 2. The most striking difference 
appears in the chemical composition of the vena 
cava and the aorta. The average collagen con- 
centration of the vena cava is approximately 
78% greater than the average adult collagen 
concentration of the aorta. Furthermore, no 
accumulation of calcium or cholesterol takes 
place in the vena cava in contrast to the aorta. 


DISCUSSION 


The data presented herein find ample veri- 
fication in previous reports in the literature. 
The increase of calcium in the aorta with age 
has been reported by Baldauf (2), Blumenthal 
and associates (4, 5), Lansing and associates 
(19, 20), Faber and Land (12), Kvorning (18), 
Buck (7, 8), and Zinsser (27). Essentially, the 
present results depicted in table | are in agree- 
ment with those previously reported. 

In a similar manner, cholesterol concentra- 
tions have been reported by Windaus (26), 
Schonheimer (24), Meeker and Jobling (21), 
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Buck (7), and Faber and Lund (12). The in- 
crease of cholesterol content with age obtained 
in the present report duplicates the results of 
the earlier studies. 

Reports of the collagen content of the aorta 
seem to be less numerous than those of calcium 
and cholesterol. Myers and Lang (22) exam- 
ined 83 aortas from subjects ranging in age 
from 15 through 88. The mean collagen con- 
tent was constant, 15.5% in a dry weight basis 
in ages up to 44 years. From that time through 
88 years the collagen level rose up to 19.1%. 
Buddecke (9, 10) reported an average of about 
22% on a dry weight basis with a range of 
17-28%. The present study is in agreement 
with these results. The discrepancy with the 
earlier study may very well be explained by the 
non-specific methods used for collagen deter- 
mination prior to 1950. 

In the present study, determinations of the 
three constituents were performed on the same 
specimen, which itself was carefully chosen to 
be plaque-free. This is an important considera- 
tion when interrelationships are sought, and it 
is especially true for the aorta where we have 
found a considerable variability in the concen- 
tration of a constituent in different specimens 
from the same vessel. This undoubtedly is due 
to the heterogeneous dispersal of these consti- 
tuents in the vessel. 


When the calcium and cholesterol averages 
for males are plotted (figures 2 and 3) directly 
instead of a logarithmic function, two para- 
bolic curves are obtained, indicating their inter- 
relationship. The empirical equation for the 
calcium accretion is y = 0.045x + 0.0005x°, 
where y is the calcium content in grams per 
kilogram of aorta and x is age in years. The in- 
dex of correlation of the experimental points to 
the theoretical computed according to Ezekiel 
(11) is 0.86, which is a satisfactory agreement. 

The empirical equation for cholesterol accu- 
mulation is y = 0.26x + 0.0005x*, where y is 
the cholesterol content in grams per kilogram 
of aorta and x is again the age in years. The 
index of correlation of the experimental points 
is 0.54, which may be considered fair. How- 
ever, in the light of the diversity of diet and 
disease in the cases, the correlation must be 
considered satisfactory. 


The accumulation of calcium by the aorta 
and the absence of accretion in the vena cava 
is consistent with the previous evidence demon- 
strating that the aorta has an inherent ability 
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to bind calcium (14), whereas this character- 
istic is absent in the vena cava (15). The many 
components in the aortic wall which have been 
shown capable of binding calcium (15) are 
responsible for the complexity of the process 
which is reflected in the parabolic form of the 
equation. In the c1se of cholesterol, it has been 
shown previously (14) that calcium bound by 
the aorta has a marked ability to disrupt emul- 
sions containing cholesterol. This establishes 
the relationship between calcium and choles- 
terol in plaque formation, a relationship which 
is present in the pre-plaque stage as reflected 
in the similarity of the curves in figure 1. 

No apparent correlation exists between col- 
lagen and calcium or cholesterol deposition as 
depicted in figure 1. This is consistent with the 
in vitro finding that the calcium binding factors 
of the aorta may be completely removed leaving 
the collagen intact (15). 


SUMMARY 


A total of 122 human aortas from both sexes 
were examined for calcium, cholesterol, and 
collagen. Chemical analysis of atheroma-free 
sections revealed that the collagen level, al- 
though somewhat higher in the children group, 
remains relatively constant, about 20%, with 
increase in age, irrespective of sex or disease. 

Calcium concentrations rise gradually from 
0.07% in children to 0.84% in the 60-69 year 
group, following the empirical equation y = 
0.045x + 0.0005x*? for the males. Concentra- 
tions for the female aorta are considerably lower 
up to about 65 years of age. From then on the 
calcium levels in the female aorta rise sharply. 


Cholesterol levels increase constantly from 
0.38% in the children’s group to 5.5% in the 
60-69 year group, following the empirical equa- 
tion y = 0.26x + 0.0005x? for the male. Female 
levels are somewhat lower than those of males 
up to about 65 years. Above that age, female 
cholesterol levels rise sharply. 

Vena cava from both male and female sub- 
jects reveal low calcium and cholesterol values 
and high collagen concentrations. Average 
levels are 0.04%, 0.7% and 36.8% respec- 
tively. 

The present data are discussed in relation to 
previous findings concerning aortic plaque for- 
mation and are found consistent with them. 


nn 


REFERENCES 


Adlersberg, D., Schaefer, L. E., Steinberg, A. G., 
and Chun-I Wang: Age, Sex, Serum Lipids, and 
Coronary Arteriosclerosis. J. A. M. A., 162: 619- 
622, 1956. 

Baldauf, L. K.: The Chemistry of Atheroma and 
Calcification. J. Med. Res., 15: 355-361, 1906. 
Bloor, W. R., Pelkan, K. F., and Allen, D. M: 
Determination of Fatty Acids (and Cholesterol) 
in Small Amounts of Blood Plasma. J. Biol. Chem. 
52: 191-205, 1922. 

Blumenthal, H. T., Lansing, A. I, and Wheeler, 
P. A.: Calcification of the Media of the Human 
Aorta and Its Relation to Intimal Arteriosclerosis, 
Ageing, and Disease. Am. J]. Path., 20: 665-687, 
1944, 

Blumenthal, H. T., Lansing, A. L., and Gray, S. H.: 
The Interpretation of Elastic Tissue and Calcium 
in the Genesis of Arteriosclerosis. Am. ]. Path., 
26: 989-1010, 1950. 

Bodansky, M., and Bodansky, O.: Biochemistry of 
Disease. The Macmillan Company, New York 
City, 1952, p. 758. 


7. Buck, R. C., and Rossiter, R. J.: Lipids of Normal 


and Atherosclerotic Aortas. Arch. Path., 51: 224- 
237, 1951. 

Buck, R. C.: Minerals of Normal and Atheroscle- 
rotic Aortas. Arch. Path., 51: 319-328, 1951. 
Buddecke, E.: Angiochemische Alterswandlungen 
des Aortenbindegewebes. Verhandl. deutsch. Ge- 
sellsch. Kreislaufforsch., 24: 143-156, 1958. 
Buddecke, E.: Untersuchungen zur Chemie der 
Arterienwand. II. Arteriosklerotische Veranderun- 
gen am Aortenbindegewebe des Menschen. Ztschr. 
f. Physiol. Chem., 310: 182-198, 1958. 

Ezekiel, M.: Methods of Correlation Analysis. 2nd 
ed., Wiley & Sons, New York City, 1956, pp. 152- 
158. 

Faber, M., and Lund, F.: The Human Aorta. 
Arch. Path., 48: 351-361, 1949. 

Fels, I. G.: Determination of Hydroxyproline in 
Liver. Clin. Chem., 4: 62-65, 1958. 


Fels, I. G.: Radioautographic Study of Aortic 
Plaque Formation. Circulation Res., 7: 693-699, 
1959. 


Fels, I. G.: The Binding of Calcium by the Aorta 
(in press). 

Greer, J. C., Strong, J. P., McGill, H. C., Nyman, 
M. A., and Werthessen, N. T.: Correlation of Inti- 
mal Sudanophilia and Cholesterol Analysis of 
Three Layers of Human Aorta. Proc. Soc. Exper. 
Biol. & Med., 98: 260-265, 1958. 

Hevelke, G.: Die Angiochemie der Gefasse und ihre 
physiologischen Alternswandlungen. Verhandl. 
deutsch. Gesellsch. Kreislaufforsch., 24: 131-142, 
1958. 

Kvorning, S. A.: The Silica Content of the Aortic 
Wall in Various Age Groups. J. Gerontol., 5: 23- 
25, 1950. 

Lansing, A. L, Blumenthal, H. T., and Gray, S. H.: 
Aging and Calcification of the Human Coronary 
Artery. J. Gerontol., 3: 87-97, 1948. 











AORTIC CALCIUM, CHOLESTEROL, AND COLLAGEN 387 


20. Lansing, A. I, Alex, M., and Rosenthal, T. B.: 24. Schdnheimer, R.: Zur Chemie der gesunden und 
Calcium and Elastin in Human Arteriosclerosis. der atherosklerotischen Aorta. I. Teil: Uber die 
]. Gerontol., 5: 112-119, 1950. quantitativen Verhaltnisse des Cholesterins und 
der Cholesterinester. Ztschr. f. Physiol. Chem., 

21. Meeker, D. R., and Jobling, J. W.: A Chemical 160: 61-76, 1926. 


Study of Arteriosclerotic Lesions in the Human = i : 
ma and heen dl Path., 18: 252-257, 1934. 25. Wang, C. C.: Improvements in Methods for Cal- 


906. cium Determination in Biological Material. ]. Biol. 
D. M: 22. Myers, V. C., and Lang, W. W.: Some Chemical Chem., 111: 443-453, 1935. 

lesterol) Changes in the Human Thoracic Aorta Accom- 96, Windaus, A.: Uber den Gehalt normaler und athe- 
. Chem., panying the Aging Process. J. Gerontol., 1: 441- romatéser Aorten an Cholesterin und Cholesterin- 
444, 1946. estern. Ztschr. f. Physiol. Chem., 67: 174-176, 1910. 


Wheeler, 23. Neuman, R. E., and Logan, M. A.: the Determin- Zinsser, H. H., Butt, E. M., and Leonard, J.: Metal 
Human ation of Hydroxyproline. J. Biol. Chem., 184: 299- Content Correlation in Aging Aorta. J]. Am. Ger- 
oe 306, 1950. iatrics Soc., 5: 20-26, 1957. 

0-687, 


2 ek 
ids, and 
62: 619- 


tht 
7 


y, 5. Hi: 
Calcium 
|. Path., 





ristry of | 
w York } 


Normal 
51: 224- 


l. 
dlungen 
ch. Ge- 


1eroscle- 


nie der 
nderun- 
Ztschr 


sis. 2nd 
pp. 152- 


Aorta. 





line in 


Aortic | 
693-699, } 


e Aorta 


Nyman, 
of Inti- 
lysis of 
_ Exper. \ 
ind ihre } 
handl. | 
131-142, | 


> Aortic 
, 5: 23- 


oe |. 


oronary 











SKIN REFLEX AND VOLUNTARY REACTION TIMES IN 
YOUNG AND OLD MALES 


FELIX HUGIN, M.D.,* ARTHUR H. NORRIS, B.A., AND NATHAN W. SHOCK, Ph.D. 


(From the Gerontology Branch, National Heart Institute, National Institutes of Health, PHS, 
D.H.E.eW., Bethesda, and the Baltimore City Hospitals, Baltimore) 


The time required by humans to respond vol- 
untarily to various types of external stimuli has 
been shown to increase with increasing age (1, 
2, 6, 8). Lele and associates (4) showed that 
touch reaction times were more prolonged in 
the case of less intense stroking stimuli than in 
the case of more intense punctuate stimuli to 
the skin of the finger. Magladery and associ- 
ates (5) did not find a significant increase in 
reaction time to touch in their 14 subjects be- 
tween 61 and 85 years of age when they were 
compared with 9 subjects between 22 and 46 
years of age. They did report, however, a sig- 
nificant increase in plantar flexor reflex latency 
and superficial abdominal reflex latency in their 
older subjects. Pedersen (9) has reviewed the 
evidence regarding two possible mechanisms of 
reflexes (one which assumes a spinal pathway 
and the other which assumes a more central 
pathway) and concludes that the assumption 
of spinal pathways for reflexes is probably cor- 
rect. The present paper was designed to deter- 
mine the effects of age on (a) reaction time 
to touch and (b) on plantar and abdominal 
reflex trends. 

METHODS 

The children tested ranged from 3 to 14 
years of age and were selected from the popu- 
lation of the Pediatric Outpatient Clinic of the 
Baltimore City Hospitals. The adults, who 
ranged from 20 to 98 years of age, were pa- 
tients, employees, and staff members of the 
Baltimore City Hospitals Infirmary Division 
(Old People’s Home). Subjects were free of 
disturbances of the central and peripheral ner- 
vous system as judged by physical examination 
and history. 

Tests were performed with the subject in the 
dorsal recumbent position. For the foot re- 
action time and reflexes, the muscle action po- 
tentials were led from small solder electrodes 
placed over the small muscles of the left foot 

* Research fellow of the Swiss Academy of Medical Sciences. 
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through paired leads and a preamplifier to a 
dual beam cathode ray oscilloscope. ‘The sub- 
jects were connected with ground through a 
saline moist pad placed around the leg just 
above the ankle. The action potentials were 
recorded photographically from the oscilloscope 
screen. 

Tactile stimuli for eliciting reflexes and vol- 
untary muscle reactions were provided by a 
plastic rod tapered to a dull point at one end. 
Contacts were arranged in the handle of the 
rod so that at the instant of contact with the 
skin the beam of the cathode ray oscilloscope 
was triggered. The reflex and reaction times 
were measured by determining the time inter- 
val between the beginning of the cathode ray 
beam and the beginning of the muscle action 
potential. A time calibration curve (10 msec.) 
was recorded on the second synchronized beam 
from the output of a standard oscillator. 

Plantar flexor reflexes were elicited by a 
brief longitudinal scratch to the sole of the foot 
in the area in which the shortest, most consis- 
tent responses were elicited. The length of this 
scratch was approximately 5 cm., and the dura- 
tion approximately 200 msec. The intensity of 
scratch necessary to elicit flexion potentials 
ranged from a mere touch to a firm stroke. In 
no case was the stimulus judged painful by the 
subjects. Foot reaction times were stimulated 
by touching the sole of the foot. The subject 
was instructed to plantar-flex his foot as soon 
as possible after the touch. 

The abdominal reflexes were elicited by a brief 
gentle downward scratch to the skin along the 
rectus muscle slightly to the left of the midline 
and above the navel. This reflex was recorded 
from a pair of electrodes, which were affixed to 
the skin just under the left front margin of the 
ribs in the mid-clavicular line at the site of the 
circumscribed reflex movement. The ground 
pad was placed across the middle of the chest. 

Fifty or more stimuli of each type were ad- 
ministered to each subject at each sitting. Aver- 
age values for both reflex and reaction time 
were calculated if 9 single values were obtained 
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Fig. 1. Action potentials of small muscles of the foot 
and of abdominal muscles of an 81-year-old man. Time 
interval of 10 msec. 


(A) Plantar flexor reflex response obtained with brief 
scratch (105 msec.). 


(B) Voluntary flexion of left foot (right foot stimu- 
lated) (215 msec.). 


(C) Voluntary flexion of left foot (left foot stimulated), 
(225 msec.). Voluntary reaction preceded by re- 
flex response (105 msec.) to touch in subject with 
high reflex sensitivity. 


(D) Abdominal reflex response (80 msec.). 


TasLeE 1. NuMBER OF SUBJECTS IN WHOM TeEsts WERE 
ATTEMPTED COMPARED WITH NUMBER OF SUCCESSFUL 
ResuLts FOR REACTION TIME AND REFLEX TIMES. 








Reflex Times Reaction Time 
Age (Years) Foot Abdomen Foot 
7 8 ri ‘ i 8 
3- 9 35 12 29 15 11 8 
10-19 7 6 8 5 10 7 
20-29 13 10 8 2 19 19 
30-39 14 8 10 6 23 23 
40-49 | 6 5 3 1 8 8 
50-59 | 11 8 5 5 13 13 
60-69 12 10 6 5 15 14 
70-79... | 45 12 5 5 114 
80-89 | 9 8 3 ’% f 4 
90-98 | 2 2 0 0 2 2 
Total ; 124 81 77 47 123 112 
Percentage 
Successful. ..... 65% 61% 91% 





* Tests attempted. 
t Tests successful. 
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Tasie 2. Day-to-Day VARIABILITY OF PLANTAR REFLEX 
LaTENCIEs ELICITED BY BRIEF SCRATCH IN NINE SUBJECTS. 








Reflex Latencies (msec.) 








Age Day Average Difference % Difference 
60 1 85 

2 96 11 12 
67 1 84 

2 93 9 10 
69 1 92 

2 86 6 7 
73 1 99 

2 96 3 3 
74 1 81 

2 80 1 1 
78 1 95 

2 88 7 8 
81 1 97 

2 99 2 2 
82 1 94 

2 93 1 1 
86 1 70 

2 93 23 28 

Range 1-23 1-28 


from the records taken. For each subject mean 
values for reaction time were calculated after 
the extreme high and low values which were 
separated from the remainder of the distribu- 
tion by an interval of more than 15 msec. were 
excluded. 

Statistical calculations were performed ac- 
cording to methods described in Snedecor (11). 


RESULTS 

Sample recordings of action potentials of 
small muscles of the foot are shown in figure | 
to illustrate the types of responses obtained in 
the same subject. Among the subjects tested, 
reaction times for the foot were successfully 
elicited in 91% of the cases, in contrast to reflex 
responses which were obtained in only 65% 
of the subjects (table 1). Abdominal reflex 
times were elicited in 61% of the cases. Al- 
though there is some indication that failure to 
elicit voluntary reaction times occurred more 
frequently among the children and older sub- 
jects than among the middle-aged, there was 
no systematic age difference in failure to obtain 
reflex time measurements. There was no differ- 
ence in our ability to elicit the various reflexes. 

Table 2 gives a comparison of the day-to-day 
variability of reflex times for 9 individuals tested 
on two different days. Differences were ex- 
pressed as percentage of the best estimate of 
each measure for each individual (mean of two 
days) and ranged from | to 28%. 

Table 3 shows the range of average values 
and the means with their standard deviations 
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TasBLe 3. MEAN VALUES OF REFLEX AND REACTION Times By AGE DecaDEs. 
= ae a Po ee ero fe agit 7 ce ie é 
| Reflex Times (Brief Scratch) Voluntary Reaction Time 
Age (Years) Foot Abdomen | Left Foot 
i ————— es 
| Mn.+ || Mn.+ || Mn.+ 
| p _ 
N een. Range | n | om. Range ll Nn paving Range 
| Y (msec.) | (msec.) (msec,) 
| (msec.) | | (msec.) (msec.) 
Sere . SS ee sn amen eae a sie anemia tas — 
3-9... ; 12 854.57 56-110 || 14 60-42. 22 45-7: 8 | 247411.43 | 205-299 
a i set 8845.80 | 70-111 || 5 60-4. 62 46-70 7 | 210+10.23 176-262 
| | 
20-29... etatioscs -+| 10 90+2.50 78-102 2); 7 63-76 19 178+3.76 143-207 
30-39 EAU OG Re 8 101-45. 66 70-119 6 | 7145.36 55-87 || 23 | 17743.76 134-214 
40-49... Pat 5 99+8.34 81-121 1 | 40 40 || 8 184-+7.95 148-222 
MAN rs ayhS cis Pasian 8 10146.01 | 78-130 5 | 6544.61 57-83 13 | 192+5.28 167-227 
60-69. . 10 9943.47 | 84-119 5 | 59+6.29 37-74 14 | 214+6.43 179-233 
70-79 : 12 9744.48 | 66-119 || 5 7449.24 42-96 14 222+8.73 177-293 
80-98. ... akerna ee . 10 9547.06 | 70-143 | | 3 | 82 63-95 5 229+12.75 189-269 
0-08..... - 81 9441.78 | 56-143 || 46 | 6542.04 37-96 111 199+3.04 134-299 


for each age decade for reflex and reaction 
times. 

Foot reaction time and plantar reflex time 
are plotted for individuals against age in figure 
2. In the age group 20 through 98, average vol- 
untary foot reaction time increased significantly 
with age (P < .001) at the rate of 1 msec. per 
year*. 

The children were found to have significantly 
longer reaction times than the young adults 
(P < .001 for the age group 0-9 years vs. young 


* The regression equation of voluntary reaction time on age was: 


reaction time (msec.) — 0.96 age (years) + 147. 
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Fig. 2. Age regression of foot reaction time (A) and 
foot reflex time elicited by brief scratch (¢). 
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Fig. 3. Age regression of abdominal reflex time (¢). 


adults and P < .005 for the age group 10-19 
years vs. young adults). 

On the other hand, the reflex times showed no 
change with increasing age. At any age the 
longest brief scratch reflex time was shorter 
than the fastest reaction time (fig. 2). 

No significant age differences were found in 
times for the superficial abdominal reflexes 
which averaged 65 msec. (fig. 3). 


DISCUSSION 


In contrast to previous studies, which indi- 
cate a lengthening of plantar reflex times with 
age following the conventional scratch stimu- 
lus (5), no significant age increment in reflex 
time following the administration of a_ brief 
scratch to the sole of the foot was observed in 
the present study. The evidence concerning the 
effects of intensity of the stimulus on reflex 
time is conflicting. Eccles and Sherrington (3) 
as well as Riddoch (10) and Pedersen (9) have 
reported that with mild stimulation reflex times 
are longer than with strong stimuli. On the 
other hand Magladery and associates (5) found 
no alteration in reflex times with changes in 
intensity of the stimulus. Although no mea- 
surements of stimulus intensity were made in 
the present study, it is our impression that in- 
creasing the intensity of the short scratch stim- 
ulus did not result in a systematic shortening 
of the reflex times. If thresholds of stimulation 
of reflexes or the relationship between threshold 
and reflex latency changed with age, there was 
no systematic effect on reflex latency or its vari- 
ability among subjects in the various age dec- 
ades tested. 
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Data from the present study show a signif- 
icant increase in voluntary reaction time to 
touch when applied to the sole of the foot in 
mature subjects. These findings are in agree- 
ment with previous studies reporting increased 
reaction time to stimuli from other sense modal- 
ities (1, 2, 6, 8). Thus age differences become 
most apparent in latencies of voluntary re- 
sponses involving the participation of higher 
levels of the central nervous system. Although 
Wayner and Emmers (12) have reported an 
increase in spinal synaptic delay in old com- 
pared with young rats, it is questionable 
whether age differences in reaction time can be 
ascribed to structural changes in the nervous 
system alone. 

Although there is a slight slowing in the 
speed of conduction of the nerve impulses in 
peripheral nerves with advancing age (7) it 
can make only a minor contribution to the 
lengthening of reaction times with age. Another 
study (2) has shown that the length of the 
neural pathway is of minor importance in ex- 
plaining age differences in reaction time. 

It therefore seems probable that the increased 
latencies for reaction time observed in the pres- 
ent study must be associated with functional 
changes in the central nervous system. 


SUMMARY 

In 81 subjects aged 3-98 years, plantar reflex 
latencies to a brief scratch averaged 94 + 1.8 
msec. for subjects of all ages. The correspond- 
ing mean value for the abdominal reflex ob- 
served in 46 individuals was 65 + 2.0 msec. No 
significant change with age was observed for 
either type of reflex. 

Voluntary reaction time to touch of the left 
foot was measured in 111 subjects aged 7-92 
years. The reaction times were found to be 
significantly increased in young children and 
in elderly subjects as compared with young and 
middle-aged adults (P < 0.001). Mean values 


were: age 10-19 yrs., 210 + 10.2 msec.; age 
30-39 yrs., 177 + 3.8 msec.; age 70-79 yrs., 
222 + 8.7 msec. 


It is concluded that the slowing of voluntary 
reaction time to touch with increasing age is 
due primarily to functional alterations in the 
central nervous system. 
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SERUM LEVELS OF ANTIBIOTICS IN YOUNG AND OLD SUBJECTS 
FOLLOWING ADMINISTRATION OF DIHYDROSTREPTOMYCIN 
AND TETRACYCLINE 


K. O. VARTIA, M.D., AND ELLI LEIKOLA, M.D. 
(From the Medical Department of Kivelaé Hospital, Helsinki, Finland) 


In previous investigations by the present au- 
thors (1, 3) the concentrations of G-penicillin 
and procaine penicillin in serum and in can- 
tharidin-induced blister fluid were determined 
in young and old subjects and were found to 
remain at significantly higher levels in the old 
than in the young individuals. The present 
study was undertaken with the purpose of in- 
vestigating whether the administration of two 
other antibiotics, dihydrostreptomycin and 
tetracycline, to young and old subjects simi- 
larly would be followed by the occurrence of 
different serum levels. 


MATERIALS AND METHODS 


Twenty-six young persons (9 males and 17 
females, age range 18-33, mean age 26.8 years; 
weight range 41.5 to 85.9 Kg., mean weight 63.3 
Kg.) and 27 old subjects (12 males and 15 fe- 
males, age range 63 to 87 years, mean age 75.4 
years; weight range 42.2 to 85.8 Kg., mean 
weight 62.4 Kg.) were included in the study. 
All the individuals were hospitalized patients 
who, according to their medical history, physi- 
cal examination, and urine tests, did not pre- 
sent signs of renal insufficiency. Determinations 
of the plasma NPN concentration were made in 
25% of the elderly patients; the observed values 
ranged between 29 and 39 mg.%. Examina- 
tion of catheterized urine specimens in general 
showed normal findings except in the case of 
one old patient, who exhibited slight pro- 
teinuria. 

In the investigations with dihydrostrepto- 
mycin,* 1.0 Gm. of this compound was admin- 
istered intragluteally, and blood samples were 
drawn 1, 12, 24, and 36 hours after the injec- 
tion. The dihydrostreptomycin dose of 1.0 Gm. 
was used irrespective of the subjects’ body 
weight. The serum concentration of the anti- 
biotic was determined by the modified (6) 
WHO Cup-Plate method, using Bacillus sub- 





* Hydromycin inject., Medical Suppliers Orion, Helsinki. 


392 


tilis as the test microorganism.+ The studies on 
tetracyclinet were performed by intragluteal 
injection of 100 mg. of the compound and by 
collection of blood samples 1, 6, and 12 hours 
following the injection. The tetracycline serum 
concentrations were likewise determined by the 
modified (6) WHO Cup-Plate method, using 
Bacillus cereus as test microorganism.} Neither 
the administration of dihydrostreptomycin nor 
tetracycline was accompanied by any side 
effects. 
RESULTS 

The observations on the serum antibiotic 
levels are presented in tables 1 and 2. As seen 
from the tables, the serum concentrations of 
both dihydrostreptomycin and tetracycline were 
found to be higher in the old than in the young 
individuals. The statistical significance of the 
differences in concentration was tested by Stu- 
dent’s t test. The 14-hour values showed no 
significant difference between the young and 
the old individuals for either of the antibiotics. 
The 12-hour and 24-hour differences for dihy- 
drostreptomycin were highly significant (P < 
0.010 and P. < 0.005); the significance of the 
36-hour difference cannot be determined, since 
the values yielded by the disc method with very 
small titers are not sufficiently accurate. For 
tetracycline, the 6-hour difference is probably 
significant (P < 0.100) and the 12-hour differ- 
ence highly significant (P < 0.005). 


DISCUSSION 

Antibiotics administered intramuscularly are 
excreted nearly exclusively through the kidneys. 
Approximately 80% of the penicillin is known 
to be removed by tubular secretion (3), where- 
as both dihydrostreptomycin (2, 4) and tetra- 
cycline (7, 8) are removed chiefly through the 
glomeruli. Irrespective of the secretion mech- 





t The determinations were made by Mrs. Merimaija Kyti, M.Sc., of 
the Microbological Laboratory of Medical Suppliers, Orion, Helsinki. 

t The tetracycline (Achromycin®) for this study was supplied 
through the courtesy of Lederle Laboratories Division, American 
Cyanamid Company, Pearl River, New York. 
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TaBLeE 1. DtHyDROSTREPTOMYCIN, SERUM LEVELS. 





Old Patients 























No. 1 Hour 12 Hours 24 Hours 36 Hours 
1 4.25 2.30 1.20 0.90 
2 13.50 9.80 3.20 1.90 
5 10.50 9.80 2.90 0.90 
6 18.80 2.30 1.10 0.10 
7 11.50 3.80 1.90 1.00 
8 10.80 2.50 0.80 0.55 
12 9.90 4.20 1.50 0.30 
13 7.50 3.50 0.80 0.25 
14 7.20 2.10 1.50 <0.10 
18 5.50 3.10 0.50 <0.10 
19 11.50 3.00 2.80 <0.10 

20 17.00 4.00 0.75 0.70 

23 10.00 4.20 0.95 0.93 
24 9.60 0.80 0.70 <0.10 

25 15.00 5.80 1.00 0.88 

26 15.00 11.50 2.50 

10.7+1.6 4.4+1.1 1.4+0.2 0.56 

Young Patients 

3 10.60 0.75 0.10 <0.10 
4 9.60 5. 60 1.40 <0.10 
5 15.00 3.20 0.25 <0.10 
6 20.00 1.20 0.70 0.60 
7 9.20 1.90 0.90 <0.10 
8 10.90 2.00 0.50 <0.10 
i) 9.80 1.70 1.40 <0.10 

10 10.50 3 1.50 0.25 
12 11.50 1.20 0.10 <0.10 
15 19.50 1.50 0.10 <0.10 
16 11.00 0.75 0.10 <0.10 
21 10.30 0.90 0.10 
22 4.50 1.20 0.10 si 
23 15.00 2.60 0.50 <0.10 
24 8.50 1.20 0.10 <0.10 

11.7+1.0 1.9+0.3 0.5+0.1 <0.15 
200 
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Fig. 1. Serum levels after intramuscular injection of 
three antibiotics in young and old subjects. A loga- 
rithmic scale is used on the ordinate to designate the 
serum levels. The procain penicillin data are copied 
from a previous publication (9). 








Old Patients 











No. 1 Hour 6 Hours 12 Hours 
3 0.75 0.42 0.30 
4 0.16 0.16 <0.10 
9 3.50 2.40 0.36 
10 1.71 0.54 0.36 
11 1.66 1.60 0.30 
15 0.39 0.15 0.15 
16 4.80 0.60 0.60 
17 0.90 0.66 0.60 
21 1.29 0.51 0.42 
27 0.75 0.35 <0.10 

1.570. 44 0.7440. 23 0.32+0.05 
Young Patients 
1 0.51 0.10 <0.10 
2 0.96 0.10 <0.10 

ll 1.52 0.15 <0.10 
13 0.60 0.42 <0.10 
14 0.75 0.45 <0.10 
17 0.90 0.36 <0.10 
18 1.50 0.60 <0.10 
19 0.90 0.10 <0.10 
20 1.20 0.48 <0.10 
25 0.75 0.10 <0.10 
26 0.96 0.33 <0.10 

0.96+0.09 0.29+0.05 <0.10 


anism, the differences in mean titers of old and 
young patients with various antibiotics seem 
to be of the same degree of magnitude (fig. 1). 
The results are in accordance with the observa- 
tions of Davies and Shock (5), Miller, McDon- 
ald, and Shock (10), and Shock (11), which 
indicate that both the glomerular function and 
tubular secretory capacity are reduced with ad- 
vancing age. It is seen from the diagram that 
the geriatric group reaches the same low con- 
centration toward the end of the curve much 
later than does the group of the young patients; 
with procaine penicillin the difference in time 
is approximately 18 hours, with dihydrostrepto- 
mycin 13 hours, and with tetracycline 6 hours. 
In order to maintain an identical active con- 
centration in the serum, the intervals between 
medicinal injections in old patients should be 
adjusted in accordance with these delays. 


SUMMARY 

Determinations were made in separate ex- 
periments of the serum levels of dihydrostrep- 
tomycin and tetracycline following intramuscu- 
lar injections of, respectively, 1 Gm. and 100 
mg. of these antibiotics to 26 young and 27 old 
individuals. The investigation revealed signif- 
icantly higher serum concentrations of dihydro- 
streptomycin in the old than in the young sub- 
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jects 12 and 24 hours following the administra- 
tion of this compound. For tetracycline, the 12- 
hour difference between the serum levels ob- 
served in the two groups of subjects was also 
highly significant. 
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A REVIEW OF PROCAINE-THERAPY IN ELDERLY INDIVIDUALS 


PAUL LUTH, M.D.* 


Aslan, Director of the C. F. Parhon Institute 
of Geriatrics in Bucharest, made the observa- 
tion that patients suffering from painful joint 
diseases who received injections of procaine not 
only were relieved of their pains as the result of 
the local anesthesia but also after a longer pe- 
riod of procaine therapy frequently felt health- 
ier and more active. This side effect was de- 
veloped by Aslan into a special procaine ther- 
apy for old individuals. She named the procaine 
Compound H, in order to indicate that the 
rejuvenative action was not identical to the 
ordinary procaine effect. 

In 1956 (1) and 1957 (2) Aslan reported her 
observations on the procaine therapy in a total 
of 15,000 patients at the West German Con- 
gress on Therapeutics. Some of the subsequent 
studies on Aslan’s therapy have been partly 
confirmatory (4, 6, 7, 8, 13, 14), whereas others 
have been more critical (5, 10, 12) of the results 
of the procaine treatment. Since the present 
author has now completed the treatment of 500 
patients according to Aslan’s method over a 
3-year period, it would seem reasonable to sub- 
mit a report of these observations. 

The Aslan procedure consists of slow intra- 
muscular injection of 5 ml. of a 2% solution 
of procaine, corresponding to a dose of 100 mg. 
Twelve successive injections constitute one 
series of treatment, which is followed by a 
2-week pause, after which another series of 12 
injections is administered. The procaine treat- 
ment is continued for one year or longer. Ac- 
cording to personal information received from 
Aslan, one cannot expect any therapeutic effect 
until 4 series of treatment have been given. 

The procaine solution employed by Aslan 
has a pH of 4.5. The pH of the solution would 
not seem to be of great importance, since the 
rate of decomposition of procaine is rather in- 
dependent of the pH. One might get the im- 
pression that Aslan’s constant emphasis on this 
point was made with the purpose of creating 
the impression that the procaine drug she uses 
is a special compound. That is, however, not 
the case, since Aslan uses ordinary epinephrine- 
free procaine. I have used Novocain zur The- 


. Kaiserstrasse 8 3/10, Offenbach am Mair, West Germany. 
Translated from German by John E. Kirk, M.D. 


rapie (Hoechst) and have further employed 
various combinations of procaine with vitamins 
and with a solution of bee honey (10). A list 
of the preparations is contained in table |, 
which shows that the various preparations are 
essentially similar with regard to their effect. 
The manufacture of several different procaine 
preparations in West Germany is due to the 
fact that the West German pharmaceutical 
firms gratefully accepted the opportunity pro- 
vided by Aslan for the sale of procaine com- 
pounds. Aslan subsequently in 1959 issued the 
statement through the Roumanian commercial 
delegation that she has not given authority to 
any firm to use her name. This is, of course, 
only a rhetorical issue, since procaine is a non- 
patented compound. It should be pointed out 
that Parhon himself already has investigated 
the effectiveness of a combination of procaine 
and vitamin E and that this investigation obvi- 
ously was done with the purpose of studying 
whether such combination would potentiate the 
procaine effect. 

The most significant obstacle to the procaine 
therapy is the fact that the patients in Western 
countries rarely agree to three injections of pro- 
caine in a week for a long time when the treat- 
ment does not show any immediate effect. Even 
inmates of institutions for old people object to 
the prolonged therapy when no improvement is 
apparent. In the Geriatric Institute in Bucha- 
rest the situation may of course be simpler. 

With regard to table 1, it should be pointed 
out that the headings “Improvement” and “No 
Improvement” represent a simplified classifica- 
tion of the observed therapeutic results. Thus, 
aggravation of the disease is included in the 
“No Improvement” group. The treatment in 
all instances consisted of at least 48 injections, 
corresponding to 4 series of injections as pro- 
posed by Aslan. 

In contrast to Aslan’s therapeutic procedure, 
the interval between two series was never ex- 
tended to more than one week. This seems to 
be important because the effect of the therapy 
apparently is dependent on the accumulation 
of procaine or its decomposition products. In 
another study (12), Aslan’s treatment schedule 
has been modified in such a way that 30 con- 
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TasLeE 1, EFFECT OF TREATMENT WITH VaRIOUS PROCAINE PREPARATIONS. 











Composition of Drug 





Number of No 
Patients Improvement Improvement 





Gerioptil pro injectione (Fischer) 





Procaine + Vitamins B', B®, B®, Nicotinamide, Sodium panto- 








thenate, inosite, PAB, Vitamin C .......... aare 163 95 68 
Prokopin “G” (Woelm). . Procaine-Procaine glucoside, bee honey solution M2 “Woelm”, 

Rutin, Sodium glutamate ................... Benes 189 102 87 
Hormo-Gerobion (Merck). . Procaine + sex hormone, Triodothyronin, Vitamins A, B', B2, B®, 

C, D, P, Inosite, Choline bitartrate.......... Lee Depa serene aoe 44 35 4 
Novocain zur Therapie (Hoechst)... .2% solution... . . : 74 48 26 
soe t ooihvatnsnsresdavecnions 470 280 190 





secutive injections are given at a rate of three 
injections weekly. 

I have not been able to confirm Schilzel’s 
statement (14) that a change from intramuscu- 
lar to intravenous administration of the pro- 
caine accelerates or potentiates the effect of the 
drug. 


Tasie 2. Resucts OsraineD THROUGH TREATMENT OF 
Various Disrase ConDITIONS WITH ASLAN’S 


Objec- 


} | tively | Subjec- | Aggrava- 
Disease | Number | Demon- tive No tion of 
Condition | of Cases | strable | Improve-| Effect Condi- 
| Improve-| ment | tion 
| ment 
Senile mental 
depression 12 | 5 | 4  § 
Primary and secondary | | 
chronic arthrosis i; 8 | 8s | 45 | 
Rheumatoid arthritis..| 64 | = | | 60 
Arteriosclerosis, | | 
general complaints.) 153 | 96 | 2 | (8 
Bronchial asthma 13 2 8 3 
Cerebral arterioscler- | | 
osis, with initial | | | 
mental deterioration 14 3 | 11 | 
Diabetes mellitus } 
a. dietary therapy | | 
ee 15 | 9 - 6 | 
b. peroral antidia- | | | | 
betic drugs......| 12 | 4 | 3 ; 
c. insulin. . 3 1 2 
Hepatic disease with | 
hypoproteinemia. . a | | | 4 
Cardiac insufficiency | | } 
a.with hypertension} 24 19 ; 5 
b. with hypotension 19 6 7 6 
Parkinsonism. .. . 16 2 : 14 
Tetany (hypoparathy- 
roidism) with hypo- 
calcemia....... x 2 , 6 
Autonomic nervous 
system lability 
a. normo-and hypo- 
eer 11 4 - 7 
b. hypertonic. ..... 18 15 r 3 
Skin and hair changes 
a. gray hair........ 35 28 ha 
b. alopecia......... 18 3 ca 15 
ec. senile skin changes 33 29 , 4 























Procaine allergy has not been observed in 
the patients I treated. A procaine intolerance 
probably occurred in two female diabetic pa- 
tients who were undergoing treatment with in- 
sulin. Both patients reacted to the procaine 
injection with biliary colics. A continuation of 
the injections resulted in the same type of re- 
action, for which reason the procaine treatment 


had to be abandoned. 


In testing the efficiency of a drug associated 
with such therapeutic claims as Compound H,, 
or procaine, it should be considered whether 
one is chiefly treating healthy elderly subjects 
or diseased persons. Testing such compounds 
in normal individuals is undoubtedly difficult, 
because no exact biometric age index is avail- 
able. The situation with which one is con- 
fronted in the treatment of actual disease con- 
ditions is much simpler, because a clinical eval- 
uation of the result of the treatment usually is 
possible. The objection can therefore be made 
that one is not dealing with a geriatric remedy 
but merely with an ordinary pharmaceutical 
compound. I am in agreement with this latter 
point of view, because both Aslan and all sub- 
sequent investigators, with the exception of 
Mora (10), have expressed the same opinion. 

The usual laboratory tests were made on all 
the patients; these tests showed no significant 
changes during the procaine therapy which 
could be ascribed to the drug. In particular, 
no changes were observed in the blood picture, 
the erythrocyte sedimentation rate, or the 
serum lipid values, nor did any alterations oc- 
cur in the serum protein fractions, as claimed 
by Aslan (2). The serum concentrations of 
calcium, phosphorus, and PBI also remained 
unchanged. In those patients in whom the 
X-ray examination had revealed signs of aortic 
arteriosclerosis, no certain changes were noted 
in the roentgenograms taken at the end of the 
therapy. In those patients in whom an arcus 
senilis of the cornea was present, a regression 
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of this pathological condition did not occur. 
Likewise the tortuosity of visible arteriosclerotic 
arteries remained unchanged. 

Significant changes were, however, observed 
in one area in which one might not have ex- 
pected it. These observations are listed in table 
2 as the item of skin and hair changes. Aslan 
mentioned an eutrophic effect of procaine on 
the skin and its appendages. This statement is, 
however, only partly correct, since in general 
only the skin but not always the hair re- 
sponds to the therapy. The yellowish, paper- 
thin, flaccid senile skin becomes tight, regains 
its turgor, and becomes smooth, so that the 
patients look younger than before. This effect 
may be the only demonstrable result of the pro- 
caine therapy, as I have pointed out previously 
(9, 10). It makes, however, a remarkable im- 
pression when: arthritic patients, who show 
practically no improvement in their main dis- 
ease, suddenly present a rejuvenated appear- 
ance. With regard to the hair, it should be men- 
tioned that in some patients after 10-15 injec- 
tions a repigmentation of their grey hair occurs. 
This has been confirmed by other physicians too 
who usually, when their hair turns grey again, 
take a procaine treatment (generally one or 
two series each year). The situation concern- 
ing the effect of procaine on premature bald- 
ness is, however, quite different, even though 
such effect has been claimed by Aslan (2) and 
especially Schélzel (14). In the present study 
only such patients were included who did not 
have cicatricial changes in the scalp. If seb- 
orrhea was present, a mild antiseborrheic drug 
was employed. Patients with alopecia have 
usually suffered from that condition for many 
years and have tried a variety of drugs. 

In my patients, improvement of the alopecia 
was observed in only three patients, and hair 
growth in these patients was only moderate. 
In these subjects procaine was used in combina- 
tion with bee honey (Preparation Prokopin 
“G”) (10), because bee honey has a composi- 
tion somewhat similar to that of acetylcholine 
(9, 11) and because it has been claimed, espe- 
cially by Japanese investigators (15), that ace- 
tylcholine has an effect on hair growth. In spite 
of occasional acetylcholine injections directly 
into the scalp, only negative results were ob- 
served, except in the three cases mentioned. 
Procaine, in the author’s opinion, does not offer 
any greater chance or any smaller chance of 
correction of alopecia than any other hair 
growth remedy. 


Similarly discouraging was the effect of the 
procaine treatment in patients with Parkinson- 
ism. Only two such cases with unilateral tremor 
showed any improvement. In the other pa- 
tients, no effect was observed, in spite of the 
fact that these patients were particularly eager 
to adhere closely to the injection schedule. No 
therapeutic effect was noted either in patients 
with arthrosis or arthritis. In acute arthritis 
the procaine therapy is in itself not recom- 
mendable. Each patient insists on receiving ad- 
ditional analgetic and antirheumatic drugs to 
alleviate the pain and is therefore not content 
with receiving three procaine injections weekly. 
In patients with chronic arthritis a subjective 
improvement was encountered in only a small 
percentage of the cases, so that in general the 
procaine therapy cannot be recommended in 
this disease category. 


The therapeutic failure of procaine treatment 
in patients with bronchial asthma is somewhat 
surprising, because the drug theoretically would 
be expected to be effective in this condition. 
Thus, there exists a series of antiasthmatic 
drugs which contain procaine (in Germany: 
Asthmocain, Novocajod). The reported two 
cases of improvement represent young patients 
who were just above 20 years of age. 


Positive effects can be ascribed to procaine 
in the treatment of symptoms associated with 
arteriosclerosis, but with regard to arterio- 
sclerosis one has to be especially cautious in 
the evaluation of the effect of the drug, because 
of the difficulties associated with the diagnosis 
of arteriosclerosis. A subjective improvement 
was recorded in most of the cases; thus, head- 
ache, tiredness, and auditory noises showed a 
tendency to decrease and the physical strength 
of the patients and their interest in their work 
increased. Equally favorable was the effect of 
procaine in patients with cerebral arterioscle- 
rosis. Patients with severe dementia or psy- 
chotic individuals were, however, not included 
in the study. It is of interest to note that two 
other authors (4, 6) have reported an improve- 
ment in hearing as the result of the procaine 
therapy. In addition, Mora (12) has been able 
to record improvements in neurologic-psychi- 
atric tests. 


Less surprising is the observation that the 
cardiovascular system responded to procaine 
administration; this beneficial effect of procaine 
on conditions of cardiac arrhythmia is well 
known in the field of cardiac surgery. In addi- 
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tion, procaine generally is in some cases able 
to normalize conditions of tachycardia. With 
regard to hypertension, the effect of procaine 
was particularly valuable in patients with labile 
hypertension. Cases with stabilized hyperten- 
sion also responded, however, so that it can be 
recommended that hypertensive patients be 
given a preliminary procaine therapy before 
the administration of ganglionic blocking drugs. 
It should be emphasized that the patients in- 
cluded in the present study did not receive any 
cardiac drugs, nor were they immobilized 
through bed rest. 

Before the present review was written, the 
patients were reexamined. The results of these 
examinations are reported in table 3. It will be 
seen that, in the patients who responded posi- 
tively to the procaine treatment, the effect usu- 
ally had subsided after 5 months and at the 
latest after 7 months. In some of these patients 
a second series of treatment consisting of 48 
injections was then given. The results, listed 
in table 4, are particularly interesting because 
they show that a certain number of the patients 


Taste 3. Review or Duration oF Procaine EFFECT 
BasED ON FoLLow-up Stupy oF 111 Patients. 














Duration of Effect Number of Cases 


(Months) 
1 3 
i2 
6 
4 21 
5 39 
6 14 
° 3 
8 5 
9 z 
10 4 
ss 6 
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Tas_e 4. EFFECT OF SECOND SERIES OF TREATMENT WITH 
PROCAINE IN PaTIENTs WHO RESPONDED FAVORABLY TO 
First Series OF PROCAINE INJECTIONS. 








Aggravation 
of Condition 
8 


Number 
of Cases 
63 


Subjective No 
Effect 
20 


Objective 
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TasLe 5. Errecr OF TREATMENT WITH VARIOUS 
PROCAINE-FREE GERIATRIC PREPARATIONS. 





Preparation 





Number of Cases Improvement No Improvement 

Acetylcholine... . 13 5 8 
Vitamin By 

(+ Vitamin C) . 53 44 9 
8trychnine. . aaa 10 6 4 
2-(p-Aminobenzo- 

sulfonamido)- 

pyrimidine. . . 3 5 


LUTH 


who had reacted positively to the first treat- 
ment did not respond to the second series of 
procaine injections. With regard to those pa- 
tients in whom a favorable effect again oc- 
curred, the effect took place later and was less 
pronounced than during the first treatment. 
Mora (12) seems to have arrived at similar con- 
clusions with regard to this point. 

The reported observations require an inter- 
pretation of the nature of the procaine effect. 


Figure | 
Review of mechanism of procaine effect 
Procaine (intact molecule) 


| 


Local anesthesia | Blocking of vasoconstrictors 


* 


\ 
Hydrolysis 
and ester formation > 


Diethylaminoethanol 
. Moderate cholinergic effect 


P-aminobenzoic acid 
. Vitamin compound 


‘ F F 2. Slight hypotensive effect 
» g > " >| act pt. @e 6 B — 
“0 Questionable skin effect (vet 3. Slight normalizing on cardiac 
erinary medicine), not iden- , 
tical with eutrophic effect rhythm . 
4. Slight stimulating effect on 
3. Questionable anti-cough effect central nervous system 


In this connection, however, the mechanism of 
the procaine action will not be discussed, nor 
will a review be made of the problem of 
whether the intact procaine molecule or the 
compounds released through its disintegration 
are responsible for the effect. This matter has 
been discussed in other publications (9, 11). 
Aslan (3) places emphasis on the vitamin na- 
ture of procaine, whereas the present author 
(9) directs attention to similarity between pro- 
caine and the metabolism of acetylcholine. 

It should further be considered why the vari- 
ous preparations listed in table 1 in general 
have proved equally effective. In order to make 
a better comparison, I have further summarized 
my experiences with other geriatric drugs which 
do not contain procaine. All the geriatric drugs 
which proved to be of therapeutic value in gen- 
eral exhibited effects similar to those observed 
during treatment with procaine. As seen from 
table 5, quite different compounds were being 
considered in this respect. 

With regard to acetylcholine, I have in one 
instance given intramuscular injections of pure 
acetylcholine in doses of 100 to 200 mg. three 
times weekly, according to a schedule similar to 
that used in the procaine therapy. I had not 
anticipated any great effect, because the decom- 
position of acetylcholine through the action of 
acetylcholine esterase probably proceeds at a 
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faster rate than the decomposition of procaine. 
The results of the treatment nevertheless 
showed a marked similarity with those exhib- 
ited by procaine. The acetylcholine powder was 
dissolved in water immediately before the in- 
jection, in the presence of the patient, who 
therefore realized that a special drug was being 
administered. 

As a second geriatric drug I have given intra- 
muscular injections of vitamin B,,. in combina- 
tion with vitamin C two or three times weekly. 
During the first week 2.5 mg. of B,. and 100 
mg. of vitamin C were given in each injection; 
subsequently, only 1.0 mg. of B,. and 50 mg. 
of vitamin C were administered. The B,. treat- 
ment also proved very satisfactory, so that such 
therapy can now be recommended as a general 
geriatric treatment. Also in the case of this 
drug, however, there were some patients who 
did not show any response to the therapy. 
With regard to the effect of vitamin B,., this 
can probably be characterized as a genuine 
pharmacological effect. 

As a third drug, 10 mg. of the sodium salt of 
strychnine were given intramuscularly every 
second or third day for a period of three weeks. 
Because of the possible danger of a cumulative 
intoxication, the treatment was only continued 
for a period of three weeks. Also in the case 
of this drug the effects were similar to those 
observed with the treatment of procaine. 

In general the effect of the drugs listed in 
table 5 was similar to that of procaine and con- 
sisted of relief of tiredness and an increase in 
vitality; even a beneficial effect on the skin was 
occasionally observed, and the patients’ psychic 
condition was usually improved. 

The question arises whether the observed 
effect of these drugs may not be connected with 
an improvement in the psychological condition 
of the patient, to which those persons who are 
in possession of mobilizable reserves respond 
with symptoms of revitalization. 

In the Aslan type of procaine therapy we 
undoubtedly have to consider two factors which 
are responsible for the effect. The purely phar- 
macodynamic factor, which is illustrated sche- 
matically in figure 1 (9) would not be sufficient 
to explain the definite positive responses. A 


strong psychological factor must also be in- 
cluded, which probably is especially intensified 
through the sensational newspaper reports. As 
an explanation of the unusually favorable re- 
sults observed by Aslan, one should most likely 
also take into consideration the fact that pa- 
tients admitted to the clinical department of the 
Geriatric Institute in Bucharest receive excel- 
lent care there. 
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BOOK REVIEWS 


DIE ALTERSVERANDERUNGEN DER HALSWIR- 
BELSAULE (Aging Changes in the Cervical Spine) by 
Ulrich Ecklin, Springer-Verlag. Berlin-Gottingen-Heidel- 
berg, 1960, 81 pages, paper bound, DM 28. 

The primary purpose of this study of 140 human cer- 
vical spines obtained from fetuses and individuals of 
various ages was to compare the life history of the cer- 
vical segment with that of the remainder of the spine. 
The changes in the spine occurring with age are be- 
lieved to be largely in the intervertebral discs. While 
certain phases of development and aging of the latter 
take a similar course in different parts of the spine, the 
life history of the cervical spine is related to the fate of 
the uncinate processes, which are lacking in the thoracic, 
dorsal, and lumbar segments. From late childhood on 
the surface of the uncinate processes become involved in 
the formation of joint-like structures, the so-called un- 
cocervical joints. These cavities, which are traced back 
to tears in the intervertebral disc, are supposed to result 
from functional stress and to occur in previously healthy 
tissue. These cracks become organized by fibrous tissue 
undergoing cartilagination and, in due course of time, 
they may be involved in senile osteoarthrosis. 

The data are well documented by numerous illustra- 
tions, gross and x-ray pictures, and photomicrographs. 
There seems to be considerable overlapping of the find- 
ings at different ages and in various vertebrae. However, 
there are no statements indicating the degree of over- 
lapping or what findings should be expected in the ma- 
jority of individuals at certain age groups. No sex 
differences are mentioned. 

In this primarily anatomical study the histogenetic 
mechanism of neither age changes nor the evolution of 
osteoarthrosis is dealt with, nor was an attempt made to 
correlate the findings to osteoporosis or Paget-like lesions 
of the spine. It would also have been desirable to cor- 
relate the observations to some work done on the his- 
tochemistry and cytology of the intervertebral discs, 
especially because of the author’s opinion that “funda- 
mentally one has to distinguish sharply between degene- 
rative regressive changes affecting cells as opposed to 
aging processes which originate in the intercellular 
substance.” This view will hardly be shared by the 
majority of cytologists. Most clinicians on the other 
hand, will take exception to the statement that only 
rarely do advanced aging processes in the spine lead to 
clinical symptoms. These are some of the many ques- 
tions that can be raised when reading this report; they 
should, however, not detract from the value of the care- 
ful and detailed observations laid down in this mono- 
graph. 

MARTIN SILBERBERG 
Washington University School of Medicine 
St. Louis, Missouri 
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“H3” IN THE BATTLE AGAINST OLD AGE, by 
Henry Marx, Plenum Press, Inc., New York, 1960, 207 
pages, $4.95. 

This volume is of no use to the physician and its 
value to the lay public is very questionable. It is pri- 
marily based on the publications of Dr. Anna Aslan. 
These, under the title of “Research on Novocaine 
Therapy in Old Age,” have been reviewed in the 
JourRNAL OF GERONTOLOGY. It was pointed out in that 
review that it is impossible to explain the results claimed 
by Dr. Aslan and her coworkers on a biochemical or 
pharmacological basis. Publication of the present volume 
did not change this reviewer’s opinion. Publication of 
books of this kind will have two consequences: |. Raise 
false hopes in the aged and sick, 2. Give the opportunity 
to unscrupulous practitioners of medicine for the finan- 
nancial exploitation of gullible individuals by the pro- 
longed repeated administration of injections. The work 
of Dr. Aslan should be repeated under strictly contolled 
circumstances on a large number of subjects to settle 
once and for all the validity of her claims. 


FRANCIS F. FOLDES, M.D. 
Mercy Hospital 
Pittsburgh, Pennsylvania 
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RESEARCH HIGHLIGHTS IN AGING, A SELECTION OF SCIEN- 
TiFIC PAPERS ON RESEARCH IN AGING CARRIED OUT OR 
SUPPORTED BY THE NATIONAL INsTITUTES HEALTH IN 
1959, Public Health Service Publication No. 779, pre- 
pared by Robert W. Palmer and the Center for Aging 
Research, Division of General Medical Sciences, Na- 
tional Institutes of Health, Superintendent of Docu- 
ments, U. S. Government Printing Office, Washing- 
ton, D. C., 52 pages, paper bound, 25 cents. 


SrrikE Back aT ArTHRITISs, Public Health Service publi- 
cation No. 747, Superintendent of Documents, U. S. 
Government Printing Office, Washington, D. C., 45 
pages, paper bound, 40 cents. 
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AGING AND THE DECLINE OF INSTRUMENTALITY 


LOIS R. DEAN, Ph.D. 
(Division of the Social Sciences, Portland State College) 


What are the attitudes of the middle-aged, 
the aging, and the aged toward age itself? Or, 
more precisely, how are people over fifty ori- 
ented toward the positions they currently oc- 
cupy in the life cycle? Do these orientations 
shift, from one decade to the next? If so, what 
is the nature of the shift? 

In their most general form, these are the 
questions with which we are concerned in this 
research report. The data, drawn from the Kan- 
sas City Study of Adult Life, a social-psycholog- 
ical study of the aging process,’ consist of re- 
sponses from about 200 men and women aged 
fifty to ninety to the questions: “What are the 
best things about being the age you are now?” 
and “What are the worst things about being 
the age you are now?” Since these were not 
asked as closed-category questions based on 
precise hypotheses, we examined and classified 
the free responses, after the fact, according to 
a scheme deriving from the general distinction 
between “instrumental” and “integrative” (or 
“expressive”) orientations to self-in-society 
(Parsons & Shils, 1953). We then examined 
the relationships between these “orientations to 
age” and chronological age, employing in this 
first approximation no control by sex, social 
class, or other background factors. 

Broadly speaking, in response to the first 
(“best things”) question, there is an apparent 
shift with age toward the integrative-expressive 
orientation, a shift that is consonant with the 
Kansas City Study’s more general “disengage- 
ment” theory of aging (Cumming, Dean, 
Newell, & McCaffrey, 1960). There is, further- 
more, in response to the second (“worst 
things”) question, a shift with age from anx- 
iety in the integrative-expressive area to frus- 
tration in the instrumental area. 


? The Kansas City Study of Adult Life is financed by Grant 3M-9082 
from the National Institute of Mental Health to the Committee on 
Human Development of the University of Chicago. It is under the 
Supervision of William E. Henry (Principal Investigator), Robert J. 
Havighurst, and Bernice L. Neugarten. The Study Director has been 
Elaine Cumming, and the Field Director, Lois R. Dean. 


Before presenting these findings in greater 
detail, we will attempt in the two sections to 
follow to clarify (1) the disengagement theory, 
and (2) the instrumental-integrative distinc- 
tion that constitutes the framework for this 
analysis. 


THE DISENGAGEMENT HYPOTHESIS 


The intent of the Kansas City Study of Adult 
Life has been to develop hypotheses about 
social-psychological changes occurring during 
the process of “normal” aging that can be di- 
rectly attributed to age change alone, rather 
than to such age-related but peripheral vari- 
ables as reduced economic circumstances, re- 
tirement, or loss of children from the home. 
A research design has been employed whereby, 
since 1956, we have periodically interviewed a 
panel of some 140 working and middle-class 
Kansas Citians in transit from middle to old 
age (their ages at selection ranged from 49 to 
69). Since “normal” aging is the focus, the 
panel members are ambulatory and self-suffi- 
cient in the community; none is institutional- 
ized, indigent, or severely handicapped either 
physically or mentally. To this basic study 
panel, a group of similarly healthy and ambu- 
latory people in their seventies and eighties 
was subsequently added. 

Quite early in the research, by comparing the 
80-year-olds with middle-aged panel members, 
we began to develop the concept of “disengage- 
ment” as the major social-psychological dimen- 
sion along which change in the latter part of 
the life span occurs. To summarize briefly: By 
“disengagement” we mean a process whereby 
people become extricated with age from the 
close, obligatory interactions of middle life. 
Disengagement has been tentatively posited as 
an emergent as well as a responsive phenom- 
enon, and its major concomitants are: (1) a 
reduction in amount, variety, and intensity of 
social interaction; (2) a release, therefore, from 
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many of the normative controls governing social 
interaction; (3) a shift in orientation to social 
interaction that includes a movement away 
from primarily instrumental to primarily inte- 
grative-expressive orientations to the social en- 
vironment. It is with this third aspect of dis- 
engagement theory that this report is con- 
cerned. 


THE ANALYTIC CATEGORIES 


In the words of Talcott Parsons and Robert 
F. Bales: 

The instrumental-expressive distinction we interpret 
as essentially the differentiation of function, and hence 
of relative influence, in terms of the “external” vs. “in- 
ternal” functions of the system. The area of instru- 
mental function concerns relations of the system to its 
situation outside the system, to meeting the adaptive re- 
quirements of its maintenance of equilibrium, and “in- 
strumentally” establishing the desired relations to exter- 
nal goal-objects. The expressive area concerns the 
“internal” affairs of the system, the maintenance of 
integrative relations between the members, and regula- 
tion of the patterns and tension levels of its component 
units (Parsons & Bales, 1955). 

Parsons and Bales apply the instrumental- 
expressive distinction to the social system (spe- 
cifically, in the work cited, to the role structure 
of the nuclear family). We apply the distinc- 
tion here to the personality system (Parsons, 
1956)—or, more concretely, to the differential 
orientations of individuals to the external e1i- 
vironment. In this context, then, we have 
modified the above definition to read: 

The instrumental orientation focuses on relations of 
the individual to his exterior situation, to meeting the 
adaptive requirements for maintaining equilibrium with 
the social environment, and instrumentally establishing 
the desired relations to external goals. The expressive, 
or integrative, orientation focuses on relations of the 
individual to his interior situation, to meeting the in- 
tegrative requirements for maintaining psycho-biological 
equilibrium, and to regulating the patterns and tension 
levels associated with internal needs. 

Within this broad frame of reference, we 
developed eight empirical categories, four serv- 
ing to classify responses to the “best things” 
question, the other four representing the ob- 
verse of these and serving to classify responses 
to the “worst things” question. Two of these 
four pairs can be directly identified with the 
instrumental and integrative polarities; one rep- 
resents a mid-point on the continuum; and the 
fourth is a residual category containing re- 
sponses that deny the validity of the questions. 
The categories, including in each case some 
representative statements from respondents, are 
these: 
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I. Responses to the question: “What are the best things 


about being the age you are now?” 
' 


A. Output: Responses emphasize active engagement } 
in the social environment, with focus on achieve. | 
ment, responsibility, power and influence, util. | 
ity, knowledge, experience. 
e.g.—‘My ability to use the things I’ve observed 

and learned from experience.” 

“My work. If you keep both mind and | 
body busy, it is easier. You know there is | 
something required of you.” | 
“In the type of work I do, people pay more 
attention to me new. They feel I know 
what I’m doing. I’m ia a position to help 
my friends make some money.” 





B. Intake: Responses emphasize active engagement in i 
the social environment, but with focus on free- | 

dom, enjoyment, immediate gratification, con- } 

templation, “wisdom” for its own sake. 

e.g.—“The children have grown up and I have | 
grandchildren. They have the responsibil- | 
ity and I have the fun.” 


“I’m more relaxed about living. Now | 
don’t care what others think. I feel so 
free. I am perfectly happy here in_ the 


house, reading and watching TV.” 

“You are your own boss. I do just as | 
please. I can go to town if I want to, and 
I don’t have to ask anybody.” 


C. Survival: Responses reflect a passive relationship 
to the social environment, with emphasis on 
conservation of resources (biological, psycholog- 
ical, economic). The social environment is 
merely a backdrop, if present at all, in these | 
responses. ; 
e.g—‘I think I’m doing fine at my age. I can | 

hear. I can’t see too good, but I can cro- 
chet.” 

“Being alive. Being able to eat and sleep. 
Awfully hearty eater. Eat all the time.” 
“To have the feeling of contentment and 
to have your needs fulfilled.” 


D. Denial-Rejection: There is “nothing good” about 
present age; or, “I don’t think of myself as any 
special age.” 
e.g.—“The best thing is that I’m not any older.” 

“I don’t think of myself as any particular 
age. I don’t feel any different than 34 or 
44.” 


II. Responses to the question: “What are the wors! 
things about being the age you are now?” 


A. Frustrated Output: The obverse of “A” above. Re- 
sponses emphasize loss of ability to “do,” t 
achieve, to assume responsibility; loss of respect 
from others. This category includes responses 
about physical weakening, if this weakening is 
seen primarily as interfering with “doing.” 


e.g—‘“It makes you realize you are getting older 
and can accomplish less. I can’t cope with 
tension and turmoil.” 
“Looking back and realizing that I didn’ 
take advantage of all the opportunities} 
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best things I’ve had. Instead of having the money I 


much.” 

“Not being able to work. I still like to 
work, but I can’t get a job.” 

B. Frustrated Intake: The obverse of “B” above. Re- 
sponses emphasize loss of means or capacity to 
enjoy; loss or absence of freedom from respon- 
sibility; loss of friends, family, companionship; 
loss of “looks.” 

e.g—‘I can’t get out at night and do the con- 
certs and things.” 
“Getting wrinkles. And knowing I won’t 
be able to keep on playing golf so much 
longer.” 
“Friends that are dying, and the sickness 
that is attacking a lot of them.” 

C. Threatened Survival: Responses emphasize threats 
to health and welfare for their own sake. “Just 
getting old.” Death fears. 
e.g—“My memory is slipping. I don’t remem- 

ber where I put things.” 
“You realize you don’t have as many years 
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1g. Now I} ahead of you. You have to admit that, but 
I feel so you don’t like to think about it.” 

ere in the| “Aches and pains and ailments. Something 

Vv.” new every day.” 

o just as ] 1). Affirmation-Acceptance: There is “nothing bad” 


about present age. 

e.g—‘“Not any worst thing. I don’t fight grow- 
ing old. I’m doing my best to be a grace- 
ful old man.” 
“T don’t know, I take life as it comes. I 


ant to, and 


relationship 
nphasis on 


psycholog- wouldn’t want to go back. Life is pleasant 
‘onment is a 
1, in these | [ 
; In ideal-typical terms, the “output” cate- 
- I can) gories embrace an instrumenthl orientation; the 
can cro- - 


“survival” categories embrace an integrative- 
expressive orientation; and the “intake” cate- 
gories embrace what might be termed a quasi- 
integrative orientation, since they are focused 
on the social environment, but place principal 
emphasis on sensual gratifications and absence 
of responsibility for others. 

As a first step toward determining the reli- 
ability of these categories, another sociologist 
not associated with the Kansas City study of 
Adult Life? classified a random 50 cases, using 

* only the definitions enumerated above. For 
those categories based on the “best things” 
item, 84 per cent agreement with the author’s 


and sleep. 
he time.” 
tment and 


ood” about 
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any older.” 
’ particular 


than 34 or 


the worst 


“—* by judgments was obtained; for the categories 
- of respec, based on the “worst things” item, 89 per cent 


agreement was obtained. 
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S$ responses : 
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FINDINGS 
First of all, it is perhaps surprising that, as 
shown in Table 1, fewer than 20 per cent vol- 


at I didn't 


Se sae El ?The author is indebted to Dr. Warren E. Kalbach of Portland 
portunities & 


State College for his assistance in this preliminary reliability check. 


have, I could have had three times as ; 
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unteered denial or rejection of aging. Clearly, 
the modal orientation toward the rewards of 
advancing age is the “intake” or quasi-integra- 
tive, while the modal orientations toward the 
punishments of advancing age are the blocked 
instrumentality and the purely integrative (sur- 
vival) orientations. The respondents, in short, 
appear to aspire to the best of both worlds, i.e., 
instrumentality without responsibility. Few 
among those complaining of diminishing in- 
strumentality mention gainful employment, for 
example, and almost none indicate a desire to 
take more responsibility for their families. In- 
stead, the typical response in this category em- 
phasizes loss of the physical capacity to “do,” 
in a very general sense. This finding is in ac- 
cord with the disengagement hypothesis, which 
predicts increasing disenchantment with obliga- 
tory activities and interactions. 

Table 2 shows a sharp decline in the instru- 
mental orientation (output) from the 50’s 
through the 80’s, with the major shift at about 
age 60. Even more dramatic is the increase in 
the purely integrative orientation (survival), 
with the major shift at about age 70. Denial or 
rejection of advancing age diminishes with age, 
the shift occurring at about age 60. Only the 
respondents in their 50’s appear resentful in 
any significant numbers toward the aging or 
aged status, suggesting that, as with many 
feared conditions, anticipation is worse than the 
condition itself. Finally. this table shows an 





TaBLe |. Responses To “Best THINGS” AND “Worst 
Tuincs” Questions: FoR ALL RESPONDENTS 
(PERCENTAGES). 

“Best “Worst 
Things” Things” 
(N=207) (N =205) 
A. Output 17 A. Frustrated Output 38 
B. Intake 41 B. Frustrated Intake 12 
C. Survival 24 C. Threatened Survival 39 
D. Denial-Rejection 18 D. Affirmation-Accept- 


ance ll 


Responses TO “Best THiNncGs” QUESTION: 
By AcE (Percentaces; N = 207). 


TABLE 2. 


Age Group 


50-59 60-69 70-79 80+ 
N=60) N=51) N=66) N=30) 
A. Output 37 16 6 3 
B. Intake 28 59 41 37 
C. Survival 2 14 41 47 
D. Denial-Rejection 33 11 12 13 


Note —This distribution is significant beyond the 


(X?2 = 67.73) 
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upsurge in the quasi-integrative (intake) cate- 
gory among the 60-to-70-year-olds, and a de- 
cline in this orientation in the older groups. 

As shown in Table 3, on the other hand, the 
younger respondents, complaining of “aches 
and pains,” are more oriented to survival, the 
purely integrative category, than are the older 
respondents. The 70-and-80-year-olds show 
preoccupation with instrumentality (frustrated 
output) and complain of inability to control the 
environment, of incapacity to “do” for them- 
selves and others. 

We can offer only the most general and spec- 
ulative interpretations for the relationships that 
appear in Tables 2 and 3. The major shift in 
orientation to age on the reward side, from 
focus on instrumentality to focus on psycho- 
biological integration, or survival, we interpret 
as further evidence in support of the disengage- 
ment hypothesis. These responses may be 
viewed as the psychological aspect of disengage- 
ment from society; the subjective manifestations 
of the weakened body and shrunken lifespace 
of the old in our culture. From the viewpoint 
of the disengagement hypothesis, this decline 
with age in orientation to instrumentality is 
consonant with shifts we have found in orien- 
tation to interaction, with diminished affect and 
reduced concern with interaction of any kind, 
and with increasing preference for a small life- 
space. 

The upsurge in the 60’s of the quasi-inte- 
grative orientation, the “freedom-enjoyment” 
theme, is perhaps related to the fact that this 
is the decade of retirement from work, matu- 
rity and independence of offspring, and the 
development of grandchildren into amusing 
playthings. These are the years, in short, of 
extrication from the large responsibilities of 
young adulthood and middle age; and mind 
and body, for the most part, retain the capacity 
to enjoy this “new birth of freedom.” The 
typical 65-year-old can come and go as he 
pleases, and does not yet bear the full burden 


TaB.e 3. Responses To “Worst THINGS” QUESTION: 
BY AGE (PERCENTAGES; N = 205). 














Age Group 

50-59 60-69 70-79 80+ 
22a (N=59) (N=51) (N=66) (N=29) 
A. Frustrated Output 22 31 53 48 
B. Frustrated Intake. . 19 14 3 17 
C. Threatened Survival 44 41 38 24 
D. Affirmation-Acceptance 15 14 6 10 

Note.—This distribution is significant beyond the .05 level 


Ge? = 19.22). 
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of a failing body. He is free, provided he has 
the financial means, to focus on non-obligatory, 
maximally enjoyable activities and interactions. 
As for Table 3, the punishments of advanc- 
ing age, it seems probable that the middle-aged 
and aging (50- and 60-year-olds) focus heavily 
on the survival theme because, for the first time, 
they are experiencing “aches and pains” of more 
than passing consequence. For most respon- 
dents in this age group, the stiffening joints 
constitute little more than an annoying interfer- 
ence with normal activities; but for some, physi- 
cal deterioration spells genuine trauma (as, for | 
example, in the case of one respondent whose 
heart attack in his early fifties shocked him into 
the recognition of mortality: “I always thought 
I was just practicing life and could go back and 
do it again,” he said. “But since my heart 
attack, I’ve realized this is it, that’s all there 
is.”) The weakened body has probably not yet 
been incorporated into the self-image of the 
middle-aged and aging, and they may be anx- ! 
ious about it. It seems reasonable to suppose 
that the very old, on the other hand, have long 
since grown accustomed to physical incapaci- 
tation, so that this does not leap to the forefront 
of their minds as a “worst thing” about their 
age. Indeed, they count themselves fortunate 
that they are still among the living; hence the 
emphasis on survival as a “best thing” about 
their present age. 


— 
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The expressed desire for greater instrumen- 
tality (i.e., the focus on frustrated instrumen- 
tality shown in Table 3) among the older re- 
spondents may be a function in part of their 
distance in time from concrete instrumental 
roles. It has been so long since these people ! 
have actually experienced the hard responsibil- 
ities of middle age that a halo may now suwr- 
round these responsibilities, and they may no 
longer be perceived as burdensome. We know 
of no definitive check for this hypothesis, but 
responses to other questions suggest that it may 
have merit: that is, when asked about specific 
instrumental roles, these older respondents 
show little willingness to assume them. They 
reveal, for instance, an eagerness to return 
grandchildren to their parents after a few 
hours; a desire for visits and gifts from others, 


without obligations to them; a proneness for | 
uttering lofty generalizations about how, for | 


example, to solve the “youth problem,” as con- 
trasted with the far more specific-concrete solu- 
tions proposed by the middle-aged (who must 
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actually deal with the problem); a compara- 
tively low concern with interaction of any kind, 
and a reiection of the specific and neutral orien- 
tations to interaction (the instrumental orien- 
tations of work and the marketplace). 


Still another possibility in this connection is, 
of course, that our older respondents are re- 
sponding normatively to this question. They 
may, in other words, be conforming their re- 
sponses to a belief that society expects old 
people to deplore the lbss of instrumentality, or 
social “usefulness,” and does not expect them 
to sit back and watch the rest of the world go 
by, as so many indicate a desire to do. 


SUMMARY 

Preliminary analysis of two open-end ques- 
tionnaire items dealing with the rewards and 
punishments associated with growing old, as 
these are perceived by a sample of 200 middle- 
and working-class men and women aged 50 to 
85, strongly suggests the following: 

1. Resistance, expressed as direct rejection of 
the aging or aged status in general, or indirectly 
as denial of the respondent’s specific age at 
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present, is low and it diminishes with increas- 
ing age. 

2. Orientation to instrumental roles as a 
reward of aging declines with age, while the 
integrative-expressive and “quasi-integrative” 
reward orientations increase with age. 

3. As a punishment associated with aging, 
threatened psycho-biological integration (sur- 
vival anxiety) diminishes with age; while ex- 
pressions of frustrated instrumentality increase 
with age. 

We interpret these tentative findings as sup- 
port for the general theory of disengagement 
from social obligation as the major social-psy- 
chological dimension along which change in 
the latter part of the life span occurs. 
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FAMILY RESPONSIBILITY AND THE HEALTH OF 
OLDER PEOPLE* 


ETHEL SHANAS, Ph.D. 
(National Opinion Research Center, University of Chicago) 


There is a widely-held popular belief that 
affectional and other ties between older people 
and their families are weaker now than they 
were at the turn of the century or at other 
times in the past. This belief flourishes not 
only in the United States but also in the indus- 
trialized countries of western Europe. In this 
country the alienation of older people from 
their families has become one of the descrip- 
tive items about the aged often taken for 
granted. Since there are no empirical studies 
of the relationships of older people and their 
families which date back to the “good old days” 
of the nineteenth century, it is difficult to 
know just what the “true” situation was in 
that pre-sociological and pre-social-work time. 

Empirical evidence is available, however, 
which indicates that the family ties between 
older people and their children are still strong 
and still functioning. The data presented in 
this paper reinforce the findings reported by 
Adams (1957), Brown (1960), Streib (1958), 
and Townsend (1957), among others. The 
point of view of these studies has been sum- 
marized by the World Health Organization in 
their evaluation of the situation of the elderly: 

. . . Wherever careful studies have been carried out 
in the industrialized countries, the lasting devotion of 
children for their parents has been amply demonstrated. 
The great majority of old people are in regular contact 
with their children, relatives, or friends. All the same, 
industrial and urban development increases social and 
geographical mobility, and a small portion of the aged 
are as a result left with few human contacts, particu- 
larly in large cities... . There is also a marginal group, 
a still larger number of aged people whose survival in 
the community is precarious and bought at the cost of 
hardship to relatives or friends. 

. .. A number of investigators have shown that the 
three-generation family is very much alive even in the 
heart of great cities, and that the human relationships 
which it fosters are preferred by a high proportion of 
young people no less than old ones. Where distance 
permits, the generations continue to shoulder their tra- 
ditional obligations, of the elders toward their children, 
and the children to the aged (World Health Organiza- 
tion, 1959, pp. 6, 7). 

*A revised version of a paper presented at the National Health 
Forum, Miami Beach, Florida, March 16, 1960. Certain data from 


this paper were also presented at the Annual Meeting of the Trustees 
of the Health Inforraetion Foundation, New York, May 5, 
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SAMPLING 
The present data are taken from a broad 
study of the health needs of older people made 
by the National Opinion Research Center of 


the University of Chicago under a grant from | 


the Health Information Foundation. The sam- 
ple was nation-wide and of the area-probability 
type. It resembled in general design that em- 





— 


ployed by the United States Census Bureau in 


the Current Population Survey (Hansen, Hur- 
witz, Nisselson, & Steinberg, 1955). Multi- 


stage sampling was used, and sampling proce- | 


dures were developed so that every person aged 


65 years and older who was not living in an | 


institution had an equal chance of being lo- 
cated. A sample of 1,734 persons was inter- 
viewed in the spring of 1957.1 Each person 
interviewed was asked to identify the individ- 
ual, other than spouse, to whom he would turn 
in a health crisis. These near relatives and 
friends of the older people were located where- 
ever they lived in the United States? and inter- 
viewed. It was not possible to interview about 
4 per cent of all older people located in the 
preliminary screening because they or the per- 
sons taking care of them reported that they 
were “too sick.” Interviews were held, however, 
with most of the individuals who were taking 
care of those older people who were too sick to 
be interviewed. 

In the fall of 1957, additional interviews fo- 
cused on the health needs of the aged were con- 
ducted with 2,507 persons aged 21 and over, 
comprising a cross-section of the adult Amer- 
ican public. Material from each of these inter- 
view series—those with older people, those with 
responsible relatives, and those with the public 
cross-section—will be included in this paper. 


FINDINGS 
To simplify analysis, the major emphasis in 
this paper will be on the family situation of 


1 James S. Coleman, formerly of the Department of Sociology, Uni- 
versity of Chicago, and the National Opinion Research Center, was 
responsible for the sample design in this investigation. Dr. Coleman 
is now Chairman, Department of Social Relations, Johns Hopkins 
University. 


2 This operation was possible because the National Opinion Re- | 


search Center maintains a nation-wide interviewing staff. 
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FAMILY RESPONSIBILITY 


only those older people who have living chil- 
dren. While there is evidence that the extended 
family plays an important part in the life of 
some older people who have never married or 
who have no children, these relationships with 
brothers, sisters, nephews, nieces, and others 
will not be considered here. Specifically, two 
topics will be discussed: first, the reported phys- 
ical proximity of older parents and their chil- 
dren and the relation of the health of the older 
parents to such physical proximity; and second, 
the attitudes of persons toward suitable living 
arrangements for older parents. 


Proximity of parents to children 

Four of every five older persons interviewed 
(78 per cent of the total sample) said that they 
had living children (see Table 1). Thirty-six 
per cent of all persons with living children lived 
in the same household with at least one child; 
an additional 24 per cent, while they lived 
apart from their children, had at least one child 
who lived on the same block or within walking 
distance. Six of every ten persons with chil- 
dren, then, were within walking distance of at 
least one child. 

Twenty-five per cent of the older population 
with children reported that their nearest child 
was a short ride away, and 15 per cent said 
their nearest child lived as far from them as a 
day’s travel or more. Except for those persons 
whose nearest child lived a day’s travel or more 
distant, almost every older person had seen at 
least one child within the week preceding the 
interview. 

These materials on the physical proximity of 
parents and children show clearly that despite 
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the much-discussed mobility of the American 
people, despite the movement from the country 
to the city and the transition from a rural to an 
urban environment, if an older person has chil- 
dren, in almost nine cases of every ten at least 
one child is apt to live no farther than a short 
ride away, and in six cases of every ten at least 
one child is within walking distance of an aged 
parent. 

Further, the “sicker” the older person, the 
more likely he is to live in close proximity to 
one of his children. The health status and 
needs of older people differ greatly. Using self- 
reports of illness as a basis of estimation, the 
“very sick” group in the older population out- 
side of institutions is estimated at between 10 
and 14 per cent.’ Four of every five of the 
“very sick” group interviewed reported that 
they had living chidren. As Table 1 shows, 
among the “very sick” with living children, 44 
per cent lived in the same household with at 
least one child; an additional 27 per cent lived 
on the same block or within walking distance of 
at least one child. Seven of every 10 of the 
“very sick” were within walking distance of at 
least one child,‘ as compared with 6 of every 
10 in the rest of the older population with 
children. 

Other findings from this survey also indicate 
that as parental needs in the health area be- 
come greater, as nursing care or special diets 


* The lower potion are based only on those interviewed in the 
study; the higher proportions include those “‘too sick’’ to be inter- 
viewed but located in the non-institutional population. 
‘The number of “very sick” with children is small. 
therefore subject to considerable sampling variation. 


Data are 


Taste 1. Location or Nearest Cuitp oF ALL Persons AGED 65 AND Over Wuo Report Livinc CHILDREN: 
BY DEGREE OF ILLNESS OF THE OLDER PERSON". 
: - 
Percentage distribution 
Location of nearest child Total “The Very Sick” “All Others” 
Total Men Women Total Men Women Total Men Women 
Total” 100.0 | 100.0 | 100.0 100.0 | 100.0 | 100.0 100.0 | 100.0 | 100.0 
A child in household with older person 36.1 32.2 39.7 44.4 35.3 49.5 35.2 31.9 38.2 
Nearest child in same block......... 11.6 11.8 11.5 15.3 19.6 12.9 11.2 11.1 11.3 
Nearest child within walking distance. . 12.1 13.5 10.9 11.8 13.7 10.8 | 12.2 13.5 11.0 
Nearest child a short ride a 25.0 25.3 24.7 20.1 23.5 18.3 25.5 25.4 25.6 
Nearest child within a day's travel or more 14.6 16.6 12.8 8.3 7.8 8.6 15.3 17.4 13.4 
No answer 0.5 0.6 0.4 0.6 0.7 0.5 
N= 1,350 637 713 144 51 93 1,206 586 620 
* Non-institutional population only. Data subject to sampling variation. 
> Proportion of sample who report living children: total, 77.9; men, 79.5; women, 76.4. Number who report living children: total, 1,350; 


men, 637; women, 713. 








410 


are needed, or as household chores become 
burdensome for the older person, the majority 
of children assume these responsibilities. 


Attitudes toward living arrangements 

Many factors enter into the decision of par- 
ents and children to set up a multi-generational 
household. Some of these factors have been 
suggested already—widowhood and ill health 
on the part of the parent. There is further in- 
formation in this survey on the attitudes of 
older people and their children toward multi- 
generational living in the event of parental 
widowhood and ill health. 

Both older people with children and their re- 
sponsible relatives, who are primarily children, 
recognize that there are potential or existing 
areas of conflict between different generations 
living in the same house. The mother who 
says, “Of course I'd never dream of imposing 
on my children,” and the child who says, “I'd 
do anything for my parents,” do exist, but it 
takes very little insight to realize that these are 
superficial statements of attitudes which may 
cloak a variety of feelings. Beneath these “ex- 
pected” responses, both older people and their 
adult children make much more realistic assess- 
ments of parent-child relationships. As an illus- 
tration, 76 per cent of the older people with 
children and 86 per cent of the responsible 
relatives of these older people agree that “lots 
of people who share a home with their children 
feel that their children don’t really pay any 
attention to their advice.” 

Both older parents and their responsible rela- 
tives agree that the most desirable place for 
older people to live is in their own homes. Both 
parents and children feel that the least desir- 
able place for older people to live is in a home 
for the aged or in an institution. A joint house- 
hold with children, then, is considered a desir- 
able place to live only if a home of one’s own 
is not possible for the aged individual. These 
beliefs about where older people should live 
must be considered in juxtaposition with the 
facts given above: 44 per cent of the “very sick” 
who have children, and 35 per cent of the re- 
mainder of the older population with children, 
live in the same house with at least one child. 

Attitudes of older people and their relatives. 
A number of case-questions dealing with vari- 
ous aspects of parent-child relationships were 
asked independently of older people with chil- 
dren and of their responsible relatives, who 
were largely children. One of these questions 


SHANAS 


is given here. It focuses on a decision about 
family living which has an impact on three 
generations. It was a very real question for the 
respondents, some of whom had already faced 
comparable situations. 


Tom and Mary Jenkins have four children. They live | 


in a new section in a small three-bedroom house, and 
it gets pretty crowded. Mary’s mother, Mrs. Stevens, is 
a widow, with a very small pension, and her health is 
poor. The doctor doesn’t think Mrs. Stevens should 
live alone. He says that she doesn’t need any special 
nursing care, just someone to keep an eye on her. What 
do you think Mary should do? 


Be 


— 





Despite the obstacles to three-generation liy- | 
ing in the question—the small, crowded house, | 
the bad health and poor financial status of | 


Mary’s mother—almost half of all older people 


with children (44 per cent) and almost half of | 
the group of responsible relatives (47 per cent) | 


said that Mary should move her mother into 
Mary’s home. At the other extreme, 10 per cent 
of these older people and 11 per cent of these 
responsible relatives felt that Mary’s mother 
should move to a nursing home or an institu- 


tion. The remainder of the respondents had | 


other suggestions for Mary and her mother; 
most of these were schemes whereby Mary’s 
mother could continue to live in her own home, 
by moving closer to Mary or by living with a 
companion. 

Attitudes of the public. Early in the inter- 
view the public cross-section was asked, “As 
you know, many older people share a home 
with their grown children. Do you think that 
this is generally a good idea or a bad idea?” 
Sixty-four per cent of the public felt that this 
was a bad idea. 

Later the public cross-section was asked the 
question about Mary and her mother. Forty- 
five per cent of the public felt that Mary should 
move her mother in with her; 17 per cent said 
that Mary should place her mother in a home 
or an institution. 

In order to bring Mary’s situation a little 
closer to the experience of the public cross- 
section, these respondents, after they had told 
the interviewer what Mary should do, were 
asked, “What do you think Mary really will 


—~_ 


do?” Face-to-face with a more “real” Mary, 62 | 


per cent of the public said that Mary would 


~~ 


move her mother in with her; only 10 per cent | 


said that Mary would place her mother in a 
home for the aged or in an institution. 
Obviously, a large part of the American pub- 


lic, like a substantial portion of all older people 
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FAMILY RESPONSIBILITY 


with children, and a substantial portion of the 
children of older people, feel that even if a joint 
household must be the result, the parental need 
for increased health care is a_ responsibility 
which must be assumed by adult children. 


SUMMARY 

There is a minority group of older people— 
about 22 per cent—who have no children. The 
special problems of these older people have not 
been treated here. 

More than one-third of those older people 
who have living children are in a household 
with at least one child. Older people who do 
not live under the same roof as their children 
are not physically abandoned; on the contrary, 
most such older people live close to at least one 
child and see him often. 

The poorer the health of the older person, 
the more likely he is to be living in the same 
household as an adult child. Whether this is 
a good or bad thing for parents and children 
cannot be answered categorically. Each such 
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family situation must be analyzed in terms of 
its unique characteristics and the personalities 
involved. 

The data indicate that, when confronted 
with parental health problems, children assume 
the obligations which are traditionally associ- 
ated with the relationships of aged parents and 
adult children. 
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PERCEPTION OF PART-WHOLE RELATIONSHIPS IN H 
MIDDLE AND OLD AGE* 


SEYMOUR WAPNER, Ph.D., HEINZ WERNER, Ph.D., AND PETER E. COMALLI, JR., Ph.D. 
(Department of Psychology and Institute of Human Development, Clark University) | 


An earlier study dealt with ontogenetic 
changes in perception of part-whole relation- 
ships that occur between 6 and 20 years of age 
(Wapner & Werner, 1957; Werner & Wapner, 
1956). These changes in part-whole relations 
were studied by means of two kinds of illu- 
sions, the Miiller-Lyer illusion based on assimi- 
lation of parts to the whole (Figure 1) and the 
Titchener Circles illusion based on a contrast 
relationship between parts (Figure 3). The 
following ontogenetic changes were found: (1) 
Between 6 and 15 years of age there is a de- 
crease in susceptibility to the Miiller-Lyer illu- 
sion, followed by an increase through 19 years 
of age. (2) There is an ontogenetic increase 
in susceptibility to the Titchener Circles illu- 
sion from 6 through 19 years of age. Aside 
from the increase in susceptibility to the 
Miiller-Lyer illusion during adolescence, the 
ontogenetic changes in the two illusions are 
consonant with the developmental law which 
states that there is increasing differentiation 
and hierarchic integration with development. 
The Miiller-Lyer illusion, due to embeddedness 
of parts within the whole (assimilation), in 
general, has greater effects with the youngest 
children; the Titchener Circles illusion, which 
requires an articulated relationship between 
parts (contrast), has greater effects at the later 
age levels. 

The present study was directed toward the 
problem of determining the course of the 
changes in perception of part-whole relations, 
as reflected in these illusions, that occur beyond 
the 20-year level and in particular in old age. 
(The need for studies of this kind was pointed 
out by Braun [1959] in his review of research 
on perceptual processes in aging.) Its further 
purpose was to compare these changes with 
those obtaining at younger age levels so that 
the developmental changes from 6 through 80 
years of age can be assessed. 

The subjects of this study were 100 men be- 
tween the ages of 20 and 80, divided into seven 





* This investigation was sugraseed by a PHS research grant M-348 
from the National Institute of Mental Health, Public Health Service. 
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are groups. There were 10 subjects in each of } 
the age groups 20-24, 25-29, 30-34, 35-39; and | 
20 subjects in each of three groups 40-44, 45-49, 
and 65-80. The Ss between the ages 20 and 50 
were drawn from the Clark University Evening | 
College and the local community; those be- | 
tween 65 and 80 years were drawn from a com- } 
munity old-age club. 





MULLER-LYER ILLUSION 

Procedure. The Miiller-Lyer pattern was 
presented as pictured in Figure 1. S’s task was 
to shorten the right part to apparent equality 
with the left part. The left part of the pattern 
(angles inward), 75 mm. long, was used as the | 
standard; the right part, the variable, could be 
adjusted by using a rack and gear device. §, 
sitting 3 ft. from the pattern, adjusted the vari- 
able by turning a knob. Four trials were em- 
ployed: on two trials the initial setting of the | 
variable was small (25 mm.); on the remaining 
two trials it was large (125 mm.). The se- 
quence of trials defined in terms of initial set- 
ting was the same for all Ss, namely, small, 
large, large, small. 

The mean difference (standard minus vari- 
able) served as the measure used in the anal- | 
ysis. Thus greater susceptibility is indicated by 
larger numbers. 

Results. The results are presented in Figure 
2, which shows the magnitude of the illusion 
(standard minus variable) for the various age 
levels. The graph indicates that, in general, be- 
tween 20 and 39 years of age, susceptibility to 
the illusion remains fairly constant; beyond 39 | 
years of age there is an increase in the illusion 
effect which is most striking in the 40-44 year 
age group. 

The difference between age groups was cval- | 
uated statistically by analysis of variance. The 
source of variation between age groups (MS is } 
75.83 for 6 df), tested against the variation 
within age groups (MS is 29.96 for 93 df), was 
significant (P < .05). Table 1 shows the means 
(standard minus variable) for the various age | 
groups. As indicated in Table 1, there are no 
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Fig. 1. The Miiller-Lyer pattern. 
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Fig. 2. Developmental changes in the Miiller-Lyer 


illusion from ages 20 to 80. 


significant differences among age groups from 
20 through 39. The mean potency of the illu- 
sion for the 40-44 year group was significantly 
greater than for all other age groups with the 
exception of the 65-80 year group. The 45-49 
year group differed only from the 40-44 year 
group; the 65-80 year group was significantly 
more susceptible to the illusion than age groups 
20-24, 30-34 and 35-39. 

These statistical findings confirm the general- 
ization that susceptibility to the illusion is fairly 
constant between ages 20 and 39 and there is 
an increase of susceptibility between the ages 


of 40 and 80. 


TITCHENER CIRCLES ILLUSION 
Procedure. The Titchener Circles illusion, 
shown in Figure 3, consists of an inner circle 
surrounded by a concentric ring of circles. The 


Means (mm.)* 
(Standard minus Variabie) 





20-24 
25-29 +17.3 

30-34 +15.9 

35-39... +15.6 

40-44 +21.5 

45-49 +17.9 Biv 
65-80 +20.0 ® 
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Fig. 3. The Titchener Circles pattern. 


standard, always on the left, was composed of 
an inner circle, 16.5 mm. in diameter, and 5 
surrounding circles each with a diameter of 25 
mm. The inner circle of the variable varied 
from 9.00 to 21.00 mm. in steps of .75 mm. 
These variable circles were surrounded by 8 
circles each, 9 mm. in diameter. S was pre- 
sented with a chart on which were drawn 17 
pairs containing the standard on the left and 
the variable on the right. At the top of the 
chart the inner circle of the variable configura- 
tion was smallest (9 mm. in diameter) and in- 
creased toward the bottom so that the variable 
of the pair lowest on the chart had the biggest 
inner circle, 21.00 mm. in diameter. 


The task was to judge for each of the 17 
pairs whether the center circle on the right 
(variable) was larger, equal, or smaller than 
the center circle on the left (standard). Two 
trials were given each S, i.e., in one trial S 
started from the top and moved down; in the 
other trial S started with the bottom pair and 
moved upward. 

Utilizing the two series, the point of subjec- 
tive equality (expressed in mm.) was calculated 
and served as the measure employed in the 
analysis. The results are presented in terms 
of difference between inner circles (standard 


Taste 1. Ace DirFERENCES ON THE MULLER-Lyer ILLusIon. 


Differences between Means 














25-29 | 30-34 35-39 | 40-44 | 45-49 
4 | 0.0 |} 0.3 5.6** 2.0 4.1° 
: Ce t 4.2* | 0.6 2.7 
|} 0.3 5.6** | 2.0 4,1* 
| 5.9% | 2.3 4.4* 
| 3.6° 1.5 
2.1 





(angles inward) was 75 mm. long. 
°? < ws, 
wo P< Bi. 


2A plus sign indicates that the variable was adjusted so that it was objectively shorter than the standard (illusion effective). The standard 
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Fig. 4. Developmental changes in the Titchener Cir- 
cles illusion from ages 20 to 80. 


minus variable); a larger score 
greater susceptibility to the illusion. 

Results. The results are represented in Fig- 
ure 4, which shows the magnitude of the illu- 
sion (standard minus variable) for the various 
age levels. The graph shows that susceptibility 
to the illusion is fairly constant between ages 
20 and 44 and decreases at the last two age 
levels, 45-49 and 65-80. 

An analysis of variance performed on these 
data indicated that the source of variation be- 
tween age groups (MS is 1.59 for 6 df), tested 
against the variation within age groups (MS is 
.60 for 93 df), was significant (P < .05). 
Table 2 shows the mean scores of the various 
age groups. There are no significant differences 
among the first five age levels (20-44). How- 
ever, the difference is significant between age 
groups 45-49 and 40-44; and the oldest age 
group (65-80) is significantly different from 
age groups 20-24, 25-29, and 40-44. 


represents 


Developmental changes, ages 6 to 80. 


Miiller-Lyer illusion. Figure 5 presents, in 
graphical form, the combined data on suscep- 
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tibility to the Miiller-Lyer illusion involving 
those data obtained in the present study for the 
20-80-year-old groups and those data from the 
earlier study for 6-19-year-old groups. Aside 
from the increases in susceptibility at ages 16 
through 19 and 40-44, the general picture from 
ages 6 through 80 is as follows: susceptibility 
to the illusion is most marked at the earlier age 
levels; it decreases with age, then increases 
once again at the oldest age levels. 


Titchener Circles illusion. The developmen- 
tal results for susceptibility to Titchener Circles 
illusion from ages 6 through 80, again using 
data from the earlier study, are presented in 
Figure 6. The curve indicates a fairly steady 
increase in the illusion effect from 6 through 
44 years of age, followed by a decrease at the 


Taste 2. AGE DIFFERENCES ON THE TITCHENER CircLEs ILLUSION. 
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Age | Means (mm.)* 
| (Standard minus Variable) 
| 20-24 
20-24... : | +2.34 
25-29 | +2.46 
30-34 +2.12 
35-39. . +2.27 
Ts Aeiaihi tg iacataninae tisceracs +2.55 
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EE on. gteccomarernEmese +1.72 


Differences between Means 
35-39 40-44 


25-29 30-34 45-49 65-80 
12 22 07 21 45 62° 
3 19 -09 57 .74* 

15 43 -23 } -40 

-28 | 38 55 
-66** | .83** 
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® A plus sign indicates that the variable chosen as perceptually equal was objectively smaller than the standard (illusion effective). The 
diameter of the standard circle (surrounded by large circles) was 16.5 mm. 
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two oldest age groups, 45-49 and 65-80 to a 
magnitude close to that found at the earliest 
age levels. 

DISCUSSION 

The developmental changes in the two illu- 
sions during the age span 6-80 years are op- 
posed to each other in one respect but similar in 
another. In general, the trends are opposite 
insofar as there is an increase in susceptibility 
to one illusion at those points in the age span 
where there is a decrease in susceptibility to the 
other. The trends are similar insofar as with 
both illusions the changes that occur from the 
early to the middle years show a reversal from 
the middle to the later years. 

These findings are in keeping with the as- 
sumption that the two illusions are based on 
different processes underlying the perception of 
part-whole relations. As stated earlier, the in- 
vestigators assume that the Miiller-Lyer illusion 
is based on a relationship of assimilation of 
parts: that is, there is assimilation of the hori- 
zontal lines to the total configuration. The de- 
crease in susceptibility to the Miiller-Lyer illu- 
sion from early to middle age is conceived to 
be a manifestation of decrease in global percep- 
tion. This increases again at older ages. The 
Titchener Circles illusion, on the other hand, 
is assumed to be based on contrast between 
inner circle and surrounding set of circles. The 
increase in susceptibility to the Titchener Cir- 
cles illusion between early and middle age is 
conceived to be a manifestation of increase of 
articulation of parts. This decreases again at 
older ages. 

If one attempts to account for the develop- 
mental changes in the illusory effects in terms 
of increase in accuracy during the period of 
mental growth, and decrease in accuracy in old 
age, such an interpretation would be at vari- 
ance with the obtained findings. The develop- 
mental change in one type of illusion is con- 
sonant with the notion of increasing accuracy: 
the other is in opposition to it. Both patterns 
may be accounted for, however, as noted above 
in terms of a “process” analysis, an analysis 
conceptualized in terms of the developmental 
law of increasing differentiation and hierarchic 
integration.’ 


1It may be noted that a number of other investigators such as 
Galli (1926), Piaget and his coworkers (1943, 1950), Riissel (1934), 
and Walters (1942), have studied ontogenetic changes in one or the 
other two illusions used here, restricting themselves, however, to 
younger age levels. On the whole, their results are concordant with 
those of the present study with respect to these two illusions. 
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In sum, then, the results indicate that per- 
ception of part-whole relationships in old age 
is formally similar to that which occurs at 
younger ages: i.e., these findings indicate 
greater globality and less articulation of parts 
at both old and young ages as compared with 
middle age. This formal similarity of percep- 
tual behavior in young and old individuals is 
not restricted to perception of part-whole rela- 
tions. In another study (Comalli, Wapner, & 
Werner, 1959) it has been demonstrated that 
there is also such regression in old age with 
respect to spatial organization. There it was 
shown that the effect of body tilt on perception 
of verticality is similar in old age to that which 
occurs in the young child; namely, a rod is 
seen as vertical when it is more closely aligned 
with the body. This is interpreted as greater 
egocentricity or the greater determination of the 
object world with the self as referent. Thus, in 
old age, there is decreased differentiation of self 
and world as manifested by greater egocen- 
tricity. 

The present study, together with the earlier 
study of spatial organization just cited, demon- 
strates the fertility of developmental concepts 
for the analysis of behavioral changes occurring 
during the entire life span. The findings sup- 
port the interpretation that through the entire 
life span there is progression which is followed 
by regression.” Both of these changes can be 
interpreted in terms of the following develop- 
mental law: Where there is progression it pro- 
ceeds in terms of differentiation and hierarchic 
integration; in the obverse, regression, the shift 
is reverse, i.e., from more to less differentiation 
and hierarchic integration. These developmen- 
tal concepts are applicable whether one deals 
with regression as a function of changes in 
chronological age (Comalli et al., 1959), as a 
function of psychopathology (Carini, 1953; 
Wapner & Werner, 1957), or as due to more 
transient conditions such as drugs (Krus & 
Wapner, 1959) or conditions of stress (Lofchie, 
1953). The fundamental problem still remains 
of identifying possible differences that may 
underlie the formally similar perceptual be- 
havior occurring in early childhood, in old age, 
in psychopathological states, and under tran- 
sient conditions such as drugs and stress. 





2 It should be emphasized that, for us, “developmental regression” 
is not an evaluative concept which refers to a decrement or loss in 
performance. Such an evaluation in terms of loss is irrelevant from 
the viewpoint of the present analysis (cf. Birren, 1959). 
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SUMMARY 


The present investigation deals with changes 
that occur in the perception of part-whole rela- 
tionships from 6 through 80 years of age. The 
following age trends were found: (1) The 
Miiller-Lyer illusion effect (based on assimila- 
tion of part to whole) is greatest for the young- 
est age group, declines to a minimum between 
20 and 39 years of age, and increases again at 
older age levels. (2) The Titchener Circles 
illusion effect (based on contrast of parts to 
parts) increases from 6 through 44 years of 
age, and decreases at older age levels. 


These results are interpreted in terms of de- 
velopmental concepts of regression. 
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A SUPPLEMENTARY REPORT ON AGE DIFFERENCES IN RETENTION 
OVER A TWENTY-FOUR HOUR PERIOD* 


RICHARD E. WIMER, Ph.D.t{ 
(McGill University) 


A study reported by Wimer and Wigdor 
(1958) indicated that there may be no age 
loss in retention, as distinct from acquisition, 
when degree of original learning is controlled. 
In that experiment, the learning material con- 
sisted of four paired associates, and the reten- 
tion interval was 15 minutes. The present study, 
using a longer learning task (seven paired asso- 
ciates) and a longer retention interval (24 
hours), is an extension of the previous one. 


METHOD 


The subjects were 17 males over 65 (mean 
age, 71.9 years) and 20 males aged 18 to 29 
(mean age, 20.3 years). The young subjects 
were college sophomores. The old subjects were 
college professors, prominent ministers, or care- 
fully selected patients at a veterans’ hospital or 
residents in a veterans’ custodial home. For a 
more complete description of the subjects see 
Wimer (1960). 

The learning task consisted of seven paired 
associates taken from a longer list of nonsense 
materials originally devised by Ruch (1934). 
The pairs consisted of the following nonsense 
products: 


Exz=G 
Hx Y =j 
Bz D- M 
RxS=Q 
Wxi=5S 
Eat =F 
Fx P= V 


The material was printed in letters one inch 
high and one-half inch wide in black ink on 
three-inch by five-inch white index cards and 
mounted in a Kardex book unit. The left side 
of the equation, the stimulus, was first pre- 
sented with a “?” on the right side of the equal 
sign. The following card contained the com- 
plete equation. The stimulus and _ response 
cards were each presented for approximately 
three seconds, and the same interval was used 


* This study was supported by a research grant from the Canadian 
Department of Veterans Affairs, Project 14-56. to Dr. D. O. Hebb. 

t Now at The Institute for Developmental Studies, Flower-Fifth 
Avenue Hospital, New York City. 


between trials. The list was presented in three 
different orders to prevent serial learning of the 
response members. Learning was to the cri- 
terion of one perfect repetition. Retention was 
measured between 23 and 26 hours after orig- 
inal learning was completed. 


RESULTS 


The results of the experiment indicate that 
there are age losses in both (intentional) learn- 
ing and recall. The average original learning 
scores and recall scores are presented in Table 
1. The Mann-Whitney test was used to test 
the significance of the differences between the 
scores of the young and old groups for original 
learning and recall. As may be seen from the 
table, both differences are significant beyond 
the .01 level. 

DISCUSSION 


The results of the present experiment indi- 
cate that there is a significant age loss in re- 
tention over a 24-hour interval. The present 
results are not necessarily inconsistent with 
those obtained in the previous study. The dif- 
ference between the two studies may be attrib- 
uted to the longer retention interval used and 
the presumably more reliable scores on the 
longer learning task. 

Since the results of the previous study and 
the findings of Gladis and Braun (1958) both 
indicate that advancing age does not increase 
susceptibility to the effects of retroactive inhi- 
bition, it is assumed that the obtained age loss 
in retention is due to factors other than retro- 
action. There are at least two other possible 
explanations: (a) proactive inhibition, and (b) 
failure in the consolidation process. 

If it is assumed that the difference between 
these results and the results obtained in the 
previous experiment is due to increased preci- 
sion of measurement in the present experiment, 
it would follow that an age loss in retention 
should be obtainable for the 15-minute interval 
as well as for the 24-hour interval. That is, 
there may be a uniform age loss for all reten- 
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tion intervals. In this case, it is possible that 
the loss may be due to the effects of previous 
learning. It has been demonstrated by Under- 
wood (1957) that proaction may be a more 
important factor in producing forgetting than 
has been realized. A greater amount of previ- 
ous learning for the older group should increase 
the probability that retention of any given ma- 
terial will be subject to the effects of proactive 
inhibition. This hypothesis should be directly 
testable, for it predicts that, although the acqui- 
sition loss for the aged may be less for more 
familiar materials than for those which are 
ordinarily encountered less frequently (Ruch, 
1934), the retention loss should be greater. 

It is also possible that age losses in retention 
can be shown only for intervals of time greater 
than the 15-minute interval used in the previ- 
ous experiment. The age loss in retention may 





Taste 1. AveraGE Scores FOR YOUNG AND OLD 
SuBJECTs. 

No. of Trials to Learn ; No. of Items Recalled 
cbt a step : eae 
Young. . | 11.25 6.10 
Old 25.29 | 4.76 
Mann-Whitney test (z) 3.58* 2.71* 





4 Significant at or beyond the 01 level. =—s 


WIMER 


be due to some defect in the consolidation pro- 
cess. It has been suggested (Hebb, 1949) that 
there are two kinds of memory traces. A rever- 
beratory activity in the brain is proposed to 
maintain associations for a sufficient period of 
time for structural changes (i.e., consolidation 
of the memory trace) to occur. Stellar (1957) 
reviewed evidence which might be taken to in- 
dicate that periods up to an hour may be re- 
quired. If the age defect in retention is due to 
differences of the consolidative processes, a 
time interval greater than the 15-minute inter- 
val used in the previous experiment may be 
required before an age loss appears. 


REFERENCES 


Gladis, M., & Braun, H. W. Age differences in trans- 
fer and retroaction as a function of intertask response 
similarity. ]. exp. Psychol., 1958, 55, 25-30. 

Hebb, D. O. The organization of behavior. New York: 
Wiley, 1949. 

Ruch, F. L. The differentiative effects of age upon hu- 
man learning. J. gen. Psychol., 1934, 11, 261-286. 
Stellar, E. Physiological psychology. Ann. Rev. Psy- 

chol., 1957, 8, 415-436. 

Underwood, B. J. Interference and forgetting. Psychol. 
Rev., 1957, 64, 49-60. 

Wimer, R. E., & Wigdor, B. T. Age differences in re- 
tention of learning. J. Geront., 1958, 13, 291-295. 
Wimer, R. E. Age differences in incidental and inten- 

tional learning. J. Geront., 1960, 15, 79-82. 


on pro- 
9) that 
\ rever- 
osed to 
riod of 
jidation 
(1957) 
1 to in- 
be re- 
due to 
sses, a 
> inter- 
nay be 


n trans- 
response 


‘w York: 


——EE —— 


pon hu- | 


-286. 
ev. Psy- 


Psychol. 
Ss in re- 


-295. 


d inten- 


A RESEARCH NOTE: EFFECTS OF DEXTRO-AMPHETAMINE 
AND MEPROBAMATE ON PROBLM-SOLVING AND 
MOOD OF AGED SUBJECTS* 


ARNOLD D. KRUGMAN, Ph.D., SHERMAN ROSS, Ph.D., FRANK L. VICINO, B.S.,t 
AND DEAN J. CLYDE, Ph.D. 


(Veterans Administration Center, Martinsburg, West Virginia) 


The purpose of this study was to explore the 
effects of meprobamate, dextro-amphetamine, 
and a placebo on the problem-solving perform- 
ance and mood of aged subjects. It has been 
reported that, at dose levels from 400-800 mg., 
meprobamate does not affect psychomotor effi- 
ciency, visual acuity, depth perception, visual 
balance, motor steadiness, ability to make rapid 
judgments in simulated stress situations, or 
complex problem-solving ability (Marquis, 
Kelly, Miller, Gerard, & Rapaport, 1957; Reitan, 
1957). Reitan found only a slight impairment 
of problem-solving ability and visual accuracy 
at four times the normal dosage. Kornetsky 
(1958) noted impairment in motor coordina- 
tion, reaction time, and learning of adults at 
higher doses (1600 mg.) of meprobamate. At 
half this dosage only the rate of learning of his 
Ss was affected adversely. In the same study, 
5 and 15 mg. of d-amphetamine did not affect 
performance significantly in any of the mea- 
sured areas. 

In contrast to the depressant action of mepro- 
bamate, d-amphetamine has been described as 
a “stimulant” drug which tends to elevate ego- 
strength and feelings of self-esteem (Straker, 
1953). Small doses of the drug (5-10 mg.) 
administered to a group of elderly females 
(average age 78) were found to increase slightly 
feelings of well-being and energy level without 
causing untoward physical or physiological ef- 
fects (Arnett & Harris, 1948). Bradley and 
Bowen (1940) found that d-amphetamine al- 
tered positively the emotional attitude of chil- 
dren toward unpleasant tasks resulting in in- 
creased intellectual performances. 


METHOD 


The 31 Ss were male veterans residing in the 
Domiciliary at the VA Center, Martinsburg, 
West Virginia. They were ambulatory, capable 





* Supported in part by Grant MY-1604 from the National Institute 
of Mental Health to the University of Maryland. 


t University of Maryland. 


of self-care, and had been screened for psychi- 
atric and organic brain disability. The age 
range was 59 to 83, with a mean of 65.5. Edu- 
cational level ranged from no formal schooling 
to medical school graduation. Most of the men 
had been semi-skilled workers, although the 
group included two retired physicians, one 
lawyer, and a chemist. 

Subjects were randomly assigned to one of 
three drug groups: 12 Ss received 400 mg. of 
meprobamate, 10 Ss received 5 mg. of d-am- 
phetamine, and 9 Ss received a placebo (sodium 
bicarbonate, 5 mg.). Aside from the drugs, the 
experimental procedure was the same for each S. 

On the first day the vocabulary section of 
the Shipley-Institute of Living Scale was ad- 
ministered, to provide a gross measure of intel- 
lectual level (Buros, 1949). This was followed 
by the problem-solving task, and finally by the 
Clyde Mood Scale (Clyde, 1960). On the sec- 
ond day each S received a drug; then, one hour 
later, repeated the problem-solving task and 
the Mood Scale. 

The problem-solving task, described in earlier 
studies by Kay (1954) and Ross, Vicino, and 
Krugman (1960), is one of translating spatial 
perception into motor performance. The task 
is one in which the S finds the correct button 
to push each time that a different signal light 
is flashed on a board. The task is made pro- 
gressively more difficult after each series of 10 
trials. The number of errors for each trial pro- 
vided the measure of problem-solving ability. 

The Clyde Mood Scale consists of 133 items 
designed to measure six factors of mood: 
Friendly, Energetic, Clear-thinking, Aggressive, 
Jittery, and Depressed. The S is asked to sort 
the items (such as “Agreeable,” “Lively,” 
“Troubled”) according to “how you feel to- 
day.” 

FINDINGS 

Means and range of vocabulary scores for 
the three groups did not differ appreciably. 
The vocabulary age for the d-amphetamine 
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group was approximately 15.7 years, 14.5 years 
for the placebo group, and 14.3 years for the 
meprobamate group. 

An analysis of covariance, relating vocabulary 
scores and post-drug problem-solving error 
scores did not reveal significant differences be- 
tween the groups. An analysis of covariance 
controlling for differences in pre-drug error 
scores did not yield significant differences be- 
tween the groups in their post-drug problem- 
solving performances. A one-way analysis of 
variance by ranks for the three groups (post- 
drug error scores), and a median test for the 
placebo versus combined drug groups supported 
the conclusion that there were no significant 
differences between the groups in problem-solv- 
ing performance. (Because of the limited range 
of problem-solving scores and the skewness of 
the data, the possibility of unreliability of scores 
was checked. The test-retest coefficients for the 
three groups ranged from .75 to .83. We con- 
cluded that the scores were adequately reliable 
for the purposes of this experiment.) 

An analysis of covariance indicated that one 
possibly significant effect of the drugs and 
placebo preparations occurred on the “clear- 
thinking” score of the Clyde Mood Scale. 
(There were no before-after differences for the 
other five factors of mood.) The Ss felt some- 
what less clear-thinking (less able to concen- 
trate, less efficient, less alert) after mepro- 
bamate, and much less so after d-amphetamine, 
than after the pacebo. 

Because these differences in feeling between 
the groups were not consistent with their ac- 
tual problem-solving performance, it is con- 
ceivable that those Ss who received placebo im- 
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proved in clear-thinking as a result of “placebo 
effect”; and that the somatic sensations pro- 
duced by the drugs may have counteracted the 
“placebo effect” in the two drug groups. Fu- 
ture investigation is suggested, designed to an- 
swer the question of the uniqueness and addiv- 
ity of pharmacologic and placebo effects. 
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BOOK REVIEWS 


Old Age and Political Behavior: A Case Study. By 
Frank A. Pinner, Paut Jacoss, AND PHiLip SELZNICK. 
Berkeley: University of California Press, 1959. Pp. xi + 
352. $6.00. 

Pension movements as an expression of old age polit- 
ical behavior have never been comprehensively studied 
although they are indigenous to our culture alone. Most 
publications in the past have suffered from shallow 
conceptualizations or serious empirical weaknesses; too 
many have verged upon the sensational. Pinner and 
associates, however, have combined the disciplines of 
sociology, political science, and journalism in an em- 
pirical analysis of the McLain movement, officially 
called the California Institute for Social Welfare. This 
volume is one of a series produced under the aegis of 
the University of California’s Bureau of Industrial Re- 
lations as part of a five-year interdisciplinary study of 
the problems of aging in an industrial society. 

The authors employed a questionnaire to test differ- 
ences and similarities in aititudes, beliefs, and behavior 
between two groups of old age assistance recipients, 
those who belonged to the Institute and those who did 
not. A very useful appendix contains the questions, an 
explanation of the sampling procedures and problems, 
and a quantitative statement of the responses. One of 
the authors maintained close personal contact with the 
Institute for approximately two years, conducting inter- 
views with George W. McLain, its founder and leader, 
and with members of his staff. 

Conceptually, the pension movement is viewed in this 
study as a phenomenon of emerging and dependent 
social groups. Isolation is the key concept employed in 
understanding the aged, their interrelationship with the 
pension promoter, and the degree of effectiveness with 
which the group presses its demands upon society. Iso- 
lated constituencies, low in status, are likely to be or- 
ganized by marginal leaders. However, the marginal 
type of leader and the isolation of the group within 
the community inhibit the effectiveness of the pension 
movement and make it politically vulnerable. 


Participation in the McLain movement by the aged 
is seen to lead to their increased estrangement from the 
social world. Upon the existing fact of social isolation 
is imposed a greater psychological isolation. One of the 
surprising findings of the study is that membership 
does not offer new and satisfying personal ties for the 
aged. This is explained in part by the reluctance of the 
pension leader to permit the development of clubs and 
to his conception of the organization as primarily a 
fund-raising device. The McLain pension movement is 
viewed as being composed of aged customers on the one 
hand, with no independent role, and “Uncle George,” 
in whom complete ownership and control inhere. 

Status-anxiety was revealed by the questionnaire to 
constitute the most significant attitude among old-age 
assistance recipients. The differences between the two 
groups of aged tested were found to be one of degree, 
not of kind. Institute members exhibited a higher de- 
gree of status-anxiety and were much more negativistic 
toward social workers and the old age assistance law. 

The style and social attitude of the Institute is attrib- 


uted to a high degree of participation therein by the 
“slightly-privileged” among the aged. It is the conclu- 
sion of the authors that the old age assistance law helps 
create a privileged group within the pension ~opulation 
—home owners, married couples with combined grants, 
individuals with additional income. They are the ones 
particularly sensitive to the appeal of the pension pro- 
moter. 

The authors conclude that while separate organiza- 
tions for the aged may be undesirable since they 
sharpen isolation, political pressure on behalf of the 
aged should be expected and accepted “as long as pov- 
erty and dependency are corollaries of retirement.” No 
evidence is found that McLain has been able to weld 
his followers into a solid phalanx responding to his 
commands. It is clear that he cannot count upon their 
engaging in precinct organization or campaigning which 
are so necessary for the success of mass movements at 
the polls. In view of the crippling effect of isolation 
upon the pension movement, the authors recommend 
that “political activity on behalf of aged ought to be- 
come part of broader social welfare programs sponsored 
by groups that have a secure base in the organized 
community.” 

In this reviewer’s opinion some of the recommenda- 
tions are rather simple in nature, and not all of the 
conclusions based upon the questionnaire are confirmed 
by the data. At times contradictory conclusions are 
drawn from identical data. While no study should be 
expected to answer all the questions it proposes to ex- 
amine, a number of the central ones are not touched 
upon. The introductory chapter poses the question of 
whether the aged are becoming segregated in our so- 
ciety and asks how far the process has gone. Nowhere 
do the authors offer a base point from which to mea 
sure increasing segregation, nor are these questions in 
any way resolved. Such problems, as well as the query 
of whether the aged develop values which are domi- 
nated by the life experience of old age, are perhaps 
more readily ascertainable by longitudinal approaches. 

This study concerns itself with one pension move- 
ment, in one period of time, in one state, and with one 
stratum of aged. In all fairness to the authors, these 
points are made clear in the introductory chapters, and 
yet they become increasingiy blurred in the study and 
are not adequately stressed in the summary and con- 
clusion. 

California is an atypical state and the behavior of its 
aged in a number of pension movements is atypical also. 
Is one to conclude from the absence of pension move- 
ments elsewhere that “status anxiety” is not the pre- 
dominant psychological characteristic of the “aged 
poor” outside of California? Do the laws of other states 
inhibit or fail to create a highly sensitive discontented 
group of “slightly-privileged” among the recipients of 
old age assistance? Yet many of the characteristics of 
the California law are found elsewhere. How useful, 
then, are these conceptual tools in studying the aged in 
the rest of the country? Is it possible that political cli- 
mate and style are the significant factors in determin- 
ing whether pension promoters will emerge and pension 
movements materialize? 
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In effect, these questions constitute a plea for the 
further study of old age and political behavior. In their 
study of the California Institute of Social Welfare, 
Pinner and associates have made a worthwhile begin- 
ning in a long neglected field. 

ABRAHAM HOLTZMAN 
North Carolina State College 
Raleigh 


Ensuring Medical Care for the Aged. By Mortimer 
SPIEGELMAN. Homewood, Ill.: Richard D. Irwin, 1960. 
Pp. xiii + 280. $5.75. 

Ensuring Medical Care for the Aged is a careful and 
thorough compilation of available data bearing on the 
problem of the financing of medical care for older per- 
sons in the United States. The book reviews the social 
and economic status of the aging, their attitudes toward 
health care, existing material on the utilization of med- 
ical care, and existing and proposed mechanisms for the 
financing of such care. In addition to making a full 
presentation of numerical data pertinent to the medical 
care problem, Mr. Spiegelman performs the useful ser- 
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vice of evaluating these varied statistical materials. He 
clearly indicates the limitations and strengths of survey 
data, as well as the limitations of estimates based on 
population samples. He also points out some of the 
dangers inherent in estimating the utilization and costs 
of medical care plans when no actuarial experience is 
available as a basis for such estimates. 

Within the last few years, medical care for the aged 
has become a topic of public interest. Protagonists of 
various points of view have published a number of 
statements about the aged and their medical care needs. 
Students of the social and economic status of older 
people in the United States have been hard put to rec- 
oncile the data presented in these often conflicting state- 
ments. For all those seriously interested in the health 
problems of older people, Ensuring Medical Care for 
the Aged should be required reading. It is a learned 
statement of the available facts in this controversial 
area by an internationally-known actuary and statis- 
tician. 

ETHEL SHANAS 
National Opinion Research Center 
University of Chicago 
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